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(54) ALKYL ETHER DERIVATIVES OR SALTS THEREOF 

(57) An alky I ether derivative represented by the general fomnula: 
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CO 

in 

CO 
CO 



wherein each of R"" and R2 represents one or more groups selected from a hydrogen atom, a halogen atom, an alkyi 
group, an aryl group, an aralkyi group, an allcoxy group, an aryloxy group, an alkylthio group, an arylthio group, an 
alkenyl group, an alkenyloxy group, an amino group, an alkylsulfonyl group, an arylsulfonyl group, a carbamoyl group, 
a heterocyclic group, a hydroxy! group, a carisoxyl group, a nitro group, an oxo group and the like; R^ is an alkylamino 
group, an amino group, a hydroxyl group or the like; the ring A is a 5-membered or 6-membered heteroaromatic ring 
or a benzene ring; each of m and n is an integer of 1 to 6; and p is an integer of 1 to 3, or its salt has activity to protect 
neurons, activity to accelerate nerve regeneration and activity to accelerate neurlte extension and hence is useful as 
a therapeutic agent for diseases in central and peripheral nerves. 
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Description 



TECHNICAL FIELD 

5 [0001] The present Invention relates to novel alkyi ether derivatives or their salts, a process for production thereof, 
intermediates thereof and a therapeutic agent for central and peripheral nerves. 

BACKGROUND ART 

10 [0002] Dementia is divided into cerebrovascular dementia and neurodegenerative dementia, and various agents 
such as cerebral blood flow improvers and nootropics are used for treating these dementias. 

[0003] Senile plaques characteristic of Alzheimer's disease, which is most typical as neurodegenerative dementia, 
are mainly composed of amyloid p protein (AP) derived from p amyloid precursor protein, Ap is considered as a sub- 
stance that is deposited on the neurons or blood vessels of brain to cause a disease such as dementia. In addition, It 
IS has been reported that Ap itself injures neurons. Inhibitors of neurotoxicity induced by Ap are investigated as therapeutic 
agents for Alzheimer's disease. 

[0004] As compounds having inhibitory activity against neurotoxicity induced by Ap, there are known, for example, 
the 1 ,2-ethanediol derivatives disclosed in JP-A-3-232830 and JP-A-4-9507G, and the N-alkoxyalkyl-N.N-dialkylamine 
derivatives disclosed in International Publication WO 00/76957. 

20 [0005] The 1 .2-ethanedlol derivatives disclosed in JP-A-3-232830 and JP-A-4-95070, in particular, (R)-1-(benzo[b] 
thiophen-5-yl)-2-[2-(N,N-diethylamino)-ethoxy]ethanol hydrochloride has protective activity againstthe neuronal death 
caused by Ap (SOCIETY FOR NEUROSCIENCE. Abstracts, Vol. 24, Part 1 , p. 228, 1 998) and activity to enhance the 
activity of nerve growth factor (NGF) (WO 96/1 271 7) and hence is useful as a therapeutic agent for diseases in central 
and peripheral nerves. IHowever, there is desired the development of a compound possessing properties such as a 

25 higher activity to protect neurons and a higher activity to accelerate nerve regeneration, whteh are required as a ther- 
apeutic agent for diseases in central and peripheral nerves. 

DISCLOSURE OF THE INVENTION 

30 [0006] The present inventors eamestly investigated in order to solve the above problem, and consequently found 
that there are compounds having not only calcium-antagonistic activity but also inhibitory activity against neurotoxicity 
induced by Ap, among the alkyI ether derivatives with calcium-antagonistic activity disclosed in WO 99/31056. 
[0007] The present inventors further investigated, and consequently found that an alkyI ether derivative represented 
by the following general fomnula [1]: 



wherein each of R"* and R2, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted alkyI, aryl, aralkyi, alkoxy, aryloxy, alkylthio, arylthio, 
alkenyl, alkenyloxy, amino, alkylsulfonyl, arylsulfonyl, carbamoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or cariDoxyl group, a nitro group, and an oxo group; R3 is a substituted or unsubstituted alkylamino 
group, or a protected or unprotected amino or hydroxyl group; the ring A is a 5-membered or 6-membered heteroaro- 
matic ring or a benzene ring; each of m and n is an integer of 1 to 6; and p is an integer of 1 to 3, or its salt has activity 
to protect neurons, activity to accelerate nerve regeneration and activity to accelerate axon extension, is excellent in 
stability to metabolism, and is useful as a therapeutic agent for diseases In central and peripheral nerves, whereby the 
present invention has been accomplished. 
[0008] The present invention is explained below in detail. 

[0009] The terms used in the present specification have the following meanings unless otherwise specified. The term 
"halogen atom" means a fluorine atom, a chlorine atom, a bromine atom or an iodine atom; the term "alkyI group" 
means a straight chain or branched chain C^.^g^lkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert- 
butyl, pentyl, hexyl, heptyl, octyl or the like; the term "lower alkyI group" means a straight chain or branched chain 
O^.Qa\ky\ group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl or the like; the term 



35 



40 




2 



EP 1 437 353 A1 

"alkoxy group" means a straight chain or branched chain C'^,'i2^\ky\oxy group such as methoxy, ethoxy, propoxy, Iso- 
propoxy, butoxy, isobutoxy, tert-butoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy or the like; the term "lower alkoxy group" 
means a straight chain or branched chain Ci.6alkyloxy group such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, tert-butoxy, pentyloxy, hexyloxy or the like; the term "alkenyl group" means a C2.i2a'kenyl group such as 
vinyl, propenyl. butenyl. pentenyl, hexenyl. heptenyl. octenyl or the like; the temn "lower alkenyl group" means a 
C2.6alkenyl group such as vinyl, propenyl, butenyl, pentenyl, hexenyl or the like; the term "alkenyloxy group" means a 
C2,i2^lkenyloxy group such as vinyloxy, propenyloxy, butenyloxy, pentenyloxy, hexenyloxy heptenyloxy, octenytoxy or 
the like; the term "lower alkenyloxy group" means a C2.6alkenyloxy group such as vinyloxy, propenyloxy, butenyloxy, 
pentenyloxy, hexenyloxy or the like; the temn "alkynyl group" means a C2.6alkynyl group such as ethynyl, 2-propynyl, 
2-bytynyl or the like; the term "cycloalkyi group" means a cyclopropyl, cydobutyl, cyclopentyl orcyclohexyl group; the 
temn "alkylthio group" means a Ci.^2^'*^^^'° group such as methylthio, ethylthio, propylthio, isopropylthio, butylthio, 
isobutylthio, tert-butylthio, pentylthio, hexylthio, heptylthio, octylthio or the like; the term "lower alkylthio group" means 
a Ci.eaikytthio group such as methylthio, ethylthio, propylthio, isopropylthio, butytthio, Isobutylthio, tert-butytthio, 
pentylthio, hexylthio or the like; the temi "aryl group'* means a phenyl, naphthyl, indanyl or indenyl group; the temn 
"aryloxy group" means a phenyloxy, naphthyloxy, indanyloxy or indenyloxy group; the term aralkyi group" means an 
ar-C^.galkyl group such as benzyl, diphenylmethyl, trityl, phenethyl or the like; the term "arylthio group" means a phe- 
nylthio, naphthylthio, indanytthio or indenylthio group; the term "acyl group" means a formyl group, a C2.i2^lkanoyl 
group such as acetyl, isovaleryl, propionyl, pivaloyi or the like, an aralkylcarbonyl group such as benzylcarbonyl or the 
like, or an aroyi group such as benzoyl, naphthoyi or the like; the temn "alkylsulfonyl group" means a Ci.i2^^'^lsu'fony' 
group such as methylsulfonyl, ethylsulfonyl, propylsulfonyl. isopropylsulfonyl, butylsulfonyl, Isobutylsulfonyl. sec-butyl- 
sulfonyl, tert-butylsulfonyl, pentylsulfonyl, hexylsulfonyl, heptylsulfonyl, octylsulfonyl or the like; the temn "lower alkyl- 
sulfonyl group" means a ^alkylsulfonyl group such as methylsulfonyl, ethylsulfonyl, propylsulfonyl, isopropylsulfonyl, 
butylsulfonyl, isobutylsulfonyl, sec-butytsuifonyl, tert-butylsuifonyl, pentylsulfonyl or the like; the temn "aryisulfonyl 
group" means a phenylsulfonyl, p-toluenesulfonyl or naphthylsulfonyl group orthe like; the term "lower alkylsutfonyloxy 
group" means a Ci.Qalkylsulfonyloxy group such as methylsutfonytoxy, ethylsulfonyloxy, propylsulfonyloxy, isopropyl- 
sulfonyloxy, butylsulfonyloxy, isobutylsulfonyloxy, sec-butylsulfonyloxy, terl-butylsulfonyloxy, pentylsulfonyloxy orthe 
like; the term "arylsulfonyloxy group" means a phenylsulfonyloxy, p-toluenesulfonyloxy or naphthylsulfonyloxy group 
orthe like; the term "alkylamino group" means a mono- or di-C^.ealkylamino group such as a methylamino, ethylamino, 
propylamine, isopropylamino, butylamino. dimethylamino, diethylamino, diisopropylamino, dibutylamino orthe like; the 
temn "monoalkylamino group" means a mono-C.,^alkylamino group such as methylamino, ethylamino, propylamino, 
isopropylamino, butylamino orthe like; the term "dialkylamino group" means a di-C^.galkylamino group such as dimeth- 
ylamino, diethylamino, diisopropylamino, dibutylamino orthe like; the terni "heterocyclic group" means a 5-membered 
or 6-membered heterocyclic group containing at least one heteroatom selected from nitrogen, oxygen and sulfur atoms 
or a condensed orcrosslinked heterocyclic group thereof, such as pyrrolidinyl, piperidinyl, piperazinyl, homopiperazinyl, 
homopiperidinyl, morpholyl, thiomorphoiyi, tetrahydroquinolyl. tetrahydroisoquinolyl, quinuclidinyl, imidazolinyl. pyrro- 
lyl, imidazolyt, pyrazolyl, pyrldyl, pyrimidyl, quinolyl. quinollzlnyl, thiazolyl. tetrazolyl, thiadiazolyl. pyrrollnyi. pyrazolinyl. 
pyrazolidinyl, purinyt, furyl, thienyl, benzothienyl. pyranyl, isobenzofuranyl, oxazolyl, isoxazolyl, benzofuranyl, indolyl, 
benzimidazoiyi, benzoxazolyl, benzisoxazolyl, benzothiazolyl, quinoxalyl, dihydroquinoxalyl, 2,3-dihydrobenzothienyl, 
2,3-dihydrobenzopyrrolyl, 2,3-4H-1-thianaphthyl, 2,3-dihydrobenzofuranyl, benzo[b]dioxanyl, imidazo[2,3-a]pyridyl, 
benzo[b]piperazinyl, chromenyl, isothiazolyl, isoxazolyl, oxadiazolyl, pyridazinyl, isoindolyl, isoquinolyl, 1,3-benzodi- 
oxonyl, 1 ,4-benzodioxanyl orthe like; and the term "cyclic amino group" means a 5-membered, 6-membered or 7-mem- 
bered cyclic amino group which contains one or more nitrogen atoms as the heteroatoms fomning the ring and may 
further contain one or more oxygen atoms or sulfur atoms or a condensed or crosslinked cyclic amino group thereof, 
such as pyrrolidinyl, piperidinyl, piperazinyl, homopiperazinyl, homopiperidinyl, morpholyl, thiomorphoiyi, tetrahydro- 
quinolyl, tetrahydroisoquinolyl, imidazolidinyl or the like. 

[0010] As the 5-membered or 6-membered heteroaromatic ring as the ring A, there are exemplified 5-membered or 
6-membered heteroarpmatic rings which contain at least one heteroatom selected from oxygen, nitrogen and sulfur 
atoms as the heteroatom fomning the ring, such as triazine, pyridazine, pyrimidine, pyrazine, pyridine, furan, thiophene, 
pyrrole, oxazole, thiazole, imidazole, isoxazoie, isothiazole, pyrazole, pyran, and the like. 

[001 1] As the substituent of each of the alkyi group, aryl group, analkyi group, alkoxy group, aryloxy group, alkylthio 
group, arylthio group, alkenyl group, alkenyloxy group, amino group, alkylsulfonyl group, aryisulfonyl group, carbamoyl 
group and heterocyclic group for each of R"" and R2 and the alkylamino group for R^, there are exemplified groups 
selected from halogen atoms, lower alkyI groups, cycloalkyi groups, aryl groups, lower alkoxy groups, aryloxy groups, 
lower alkylthio groups, arylthio groups, lower alkenyl groups, lower alkylsulfonyl groups, aryisulfonyl groups, alkylamino 
groups, protected or unprotected amino groups, protected or unprotected hydroxyl groups, protected or unprotected 
carboxyl groups, acyl groups, heterocyclic groups, etc. 

[0012] The protecting group for the carboxyl group includes all conventional groups usable as cariDoxy I -protecting 
groups, for example, lower alkyI groups such as methyl, ethyl, propyl, isopropyl, 1,1-dimethy (propyl, butyl, tert-butyl 
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and the like; aryl groups such as phenyl, naphthyl and the like; ar-lower alkyi groups such as benzyl, dipheny [methyl, 
trrtyl, 4-nitrobenzyl, 4-methoxybenzyl, bis(4-methoxyphenyl)-methyl and the like; acyl-tower alkyi groups such as acetyl- 
methyl, benzoylmethyl, 4-nitrobenzoylmethyl, 4-bromobenzoylnnethyl, 4-methanesulfonylbenzoylmethyl and the like; 
oxygen-containing heterocyclic groups such as 2-tetrahydropyranyl. 2-tetrahydrofuranyl and the like; halogeno-lower 
alkyi groups such as 2.2,2-trichloroethyl and the like; lower alkylsilyi-lower alkyi groups such as 2-(trimethylsilyl)ethyl 
and the like; acyloxy-lower alkyi groups such as acetoxymethyl, propionyloxymethyl. pivaloyloxymethyl and the like; 
nitrogen-containing heterocyclic lower alkyi groups such as phthalimidomethyl, succinimidomethyl and the like; cy- 
cloalkyl groups such as cyclohexyl and the like; lower alkoxy-lower alkyi groups such as methoxymethyl, methox- 
yethoxymethyl, 2-{trimethylsilyl)-ethoxymethyl and the like; ar-lower alkoxy-lower alkyi groups such as benzyloxymethyl 
and the like; lower alkylthio-lower alkyi groups such as methylthiomethyi, 2-methylthioethyl and the like; arylthio-lower 
alkyi groups such as phenylthiomethyl and the like; lower alkenyl groups such as 1,1-dlmethyl-2-propenyl, 3-methyl- 

3- butenyl, allyl and the like; and substituted silyl groups such as trimethylsilyl, triethylsilyl, trilsopropylsllyl, diethyliso- 
propylsllyl, tert-butyldimethylsllyl. tert-butyldlphenylsilyl, dipheny Imethylsilyl, tert-butylmethoxyphenylsily! and the like. 
[0013] The protecting group for the hydroxyl group includes all conventional groups usable as hydroxyl-protecting 
groups, for example, alkoxy- and alkylthiocarbonyl groups such as benzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 4-bro- 
mobenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 3.4-dimethoxybenzyloxycarbonyl, methoxycarbonyl, ethoxycar- 
bonyl, tert-butoxycarbonyl, 1 ,1-dimethylpropoxycarbonyl, isopropoxycarbonyl, isobutyloxycarbonyl, diphenylmethoxy- 
carbonyl, 2,2,2-trichloroethoxycarbonyl, 2,2,2-tribromoethoxycarbonyl, 2-(trim ethyls ilyl)ethoxycarbony I, 2-{phenylsul- 
fonyl)ethoxycarbonyl, 2-(triphenylphosphonio)ethoxycarbonyl, 2-furfuryloxycarbonyl, 1 -adamantyloxycarbonyl, viny- 
loxycarbonyl. allyloxycarbonyl. 4-ethoxy-1-naphthyloxycarbonyl, 8-quinolyloxycarbonyl, S-benzylthiocarbonyl and the 
like; acyl groups such as acetyl, fomriyl, chloroacetyl, dichloroacetyL trichloroacetyl, trifluoroacetyl, methoxy acetyl, phe- 
noxyacetyl, pivaloyi, benzoyl and the like; lower alkyi groups such as methyl, tert-butyl, 2,2,2-trichloroethyl, 2-trimeth- 
ylsilylethyl and the like; lower alkenyl groups such as allyl and the like; lower alkynyl groups such as propargyl and the 
like; ar-lower alkyi groups such as benzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl. diphenylmethyl, trityl and the like; 
oxygen-containing or sulfur-containing heterocyclic groups such as tetrahydrofuryl, tetrahydropyranyl, tetrahydrothi- 
opyranyl and the like; lower alkoxy- or lower alkylthio-lower alkyi groups such as methoxymethyl. methylthiomethyi, 
benzyloxymethyl. 2-methoxyethoxy methyl, 2.2.2-trichloroethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, 1-ethoxyethyl. 

1- methyl-1-methoxyethyl and the like; lower alkyi- or arylsulfonyl groups such as methanesulfonyl, p-toluenesulfonyl 
and the like; and substituted silyl groups such as trimethylsilyl, triethylsilyl, triisopropylsilyl, diethyl isopropylsilyl, tert- 
butyldimethylsilyl, tert-butyldiphenylsilyL diphenylmethylsilyl, tert-butylmethoxyphenylsilyl and the like. 

[0014] The protecting group forthe amino group includes all conventional groups usable as amino-protecting groups, 
for example, alkoxycarbonyl groups such as methoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2,2,2-tribromoethoxy- 
carbonyl, 2-trimethylsilylethoxycarbonyl. 1 ,1 -dimethylpropoxycarbonyl, tert-butoxycarbonyl, vinyloxycarbonyl, ally^ 
carbonyl, 1 -adamantyloxycarbonyl, benzyloxycarisonyl, 4-nitrobenzyloxycarbonyl, 2-bromobenzyloxycarbonyl, 

4- methoxybenzyloxycarbonyl. 2,4-dichlorobenzyloxycart3onyl, diphenylmethoxycarbonyl. 4-(phenylazo)benzyloxycar- 
bonyl, 2-furfuryloxycart3onyl, 8-quinolyloxycarbonyl and the like; acyl groups such as (mono-, dl- or tri-)chloroacetyl, 
trifluoroacetyl. phenylacetyl, formyl, acetyl, benzoyl, phthaloyl, succinyl, alanyl, leucyl and the like; ar-lower alkyi groups 
such as benzyl, diphenylmethyl, trityl and the like; arylthio groups such as 2-nitrophenylthio, 2,4-dinitrophenylthio and 
the like; alkyi- or aryl-sulfonyl groups such as methanesulfonyl, p-toluenesulfonyl and the like; di-lower alkylamlno- 
lower alkylidene groups such as N,N-dimethylaminomethylene and the like; ar-lower alkylidene groups such as ben- 
zylidene, 2-hydroxybenzylidene, 2-hydroxy-5-chlorobenzylidene, 2-hydroxy-1-naphthylmethylene and the like; nitro- 
gen-containing heterocyclic alkylidene groups such as 3-hydroxy-4-pyridylmethylene and the like; cycloalkylidene 
groups such as cycle hexylidene, 2-ethoxycart3onylcyclohexylidene, 2-ethoxycarbonyicyclopentylidene, 2-acetylcy- 
clohexylidene, 3,3-dimethyl-5-oxycyclohexyl(dene and the like; diaryl- or diar-lower alkylphosphoryl groups such as 
diphenylphosphoryl, dibenzylphosphoryl and the like; oxygen-containing heterocyclic alkyi groups such as 5-methyl- 

2- OXO-2H-1 ,3-dioxol-4-yl-methyl and the like; and substituted silyl groups such as trimethylsilyl and the like. 
[0015] The salt of the compound of the general fomnula [1] includes usually known salts at basic groups such as 
amino group and the like and salts at acidic groups such as hydroxyl group, carboxyl group and the like. 

[0016] The salts at the basic groups include, for example, salts with mineral acids such as hydrochloric acid, hydro- 
bromic acid, nitric acid, sulfuric acid and the like; salts with organic carboxylic acids such as fonrtic acid, acetic acid, 
citric acid, oxalic acid, fumaric acid, maleic acid, succinic acid, malic acid, tartaric acid, aspartic acid, trichloroacetic 
acid, trifluoroacetic acid and the like; and salts with sulfonic acids such as methanesulfonic acid, benzenesulfonic acid, 
p-toluenesulfonic acid, mesitylenesulfonic acid, naphthalenes ulfonic acid and the like. 

[0017] The salts at the acidic groups Include, for example, salts with alkali metals such as sodium, potassium and 
the tike; salts with alkaline earth metals such as calcium, magnesium and the like; ammonium salts; and salts with 
nitrogen-containing organic bases such as trimethylamine, triethylamine, tributylamine, pyridine, N,N-dimethylaniline, 
N-methylpiperidine, N-methylmorpholine, dlethylamine, dicyclohexylamine, procaine, dibenzylamine, N-benzyl-p- 
phenethylamine. 1-ephenamine, N,N'-dlbenzylethylenediamine and the like. 
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[0018] Of the above-exemplified salts, preferable salts are pharmacologically acceptable salts. 
[001 9] When the alky! ether derivative of the general formula [1 ] or its salt has Isomers (for example, optical isomers, 
geometrical Isomers and tautomers), the present Invention includes all of these isomers, and the derivative or Its salt 
may be in the form of a hydrate or solvate or in any crystal form. 

[0020] Preferable examples of the aikyi ether derivative of the general fomnula [1] or salt thereof of the present 
Invention are compounds of the general formula [1] in which the portion represented by 
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is any of the following: 
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[0021] Of such compounds, preferable examples of the derivative or salt thereof of the present invention are com- 
pounds in which is a hydrogen atom; and R2 is a hydrogen atom, a halogen atom or an alkoxy group. 
[0022] In addition, compounds of the general formula [1] in which m = 2 and n = 2 3 are preferable. Of such 
compounds, compounds of the general fomnula [1] in which p = 1 - 2 are more preferable, 

[0023] The most preferable examples of the derivative or salt thereof of the present invention are compounds in 
which each of R'' and R2 in the above group (A) is a hydrogen atom; is a hydroxyl group; m = 2; n = 3; and p = 1 . 
[0Q24] Processes for producing the alkyi ether derivative of the general formula [1 ] or its salt are explained below. 
[0025] The alkyI ether derivative of the general fomriula [1] or its salt can be produced, for example, by any of the 
following production processes by adopting one or a proper combination of per se well-known methods. 
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Production process 1 
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Production process 2 
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Production process 3 




Production process 4 
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Production process 5- 
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wherein R^, R^, R^, A, m. n and p are as defined above; R^ is a diallcylamino group, a protected monoallcylamino 
group, a protected amino group or a protected or unprotected hydroxy! group; R^** is a dialkylamino group, a protected 
monoalkylamino group, a protected amino group or a protected hydroxyl group; R^*^ is a protected hydroxyl group; R^^ 
is a monoallcylamino group, an amino group or a hydroxyl group; and each of X'', X2 and is a leaving group. 
[0026] The leaving group includes, for example, halogen atoms, lower alkylsulfonyloxy groups and arylsulfonyloxy 
groups. 

[0027] The individual production processes are explained below. 
Production process 1 . 

[0028] (1 -1 ) A compound of the general fomnula [4] can be produced by reacting a compound of the general fonmula 
[2] or its reactive derivative with a compound of the general formula [3]. 

[0029] This reaction may be carried out by a per se well-l<nown method, for example, the method described in Jap- 
anese Chemical Association, "Jiklcen Kagalcu Koza" vol. 22, pages 137-173 (1992), Maruzen Co., Ltd. or a method 
based thereon. 

[0030] The reactive derivative of the compound of the general fomiula [2] includes, for example, acid halides, acid 
anhydrides, activated amides and activated esters. 

[0031] When the compound of the general fomnula [2] is used in the form of a free acid, the reaction is preferably 
carried out in the presence of a condensing agent. 

[0032] The condensing agent includes, for example, N,N'-dialkylcarbodlimides such as N,N'-dicyclohexylcarbodlim- 
ide and the like; halogenating agents such as thionyl chloride, oxalyl chloride and the like; acid halides such as ethox- 
ycarbonyl chloride and the like; agents for conversion to an activated amide, such as carbonyldiimidazole and the like; 
and agent for conversion to an azide, such as diphenylphosphory! azide and the like. 

[0033] Theamountofthecondensing agent used is 1 mole or more, preferably 1 to 5 moles, permole of the compound 
of the general formula [2]. 

[0034] In the reaction, any solvent may be used so long as It has no undesirable influence on the reaction. The 
solvent includes, for example, water; halogenated hydrocarbons such as methylene chloride, chloroform and the like; 
ethers such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and 
the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimethylformamide and the like; esters 
such as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the like; nitriles such as acetonitrile 
and the like; and heteroaromatic compounds such as pyridine and the tike. These solvents may be used singly or as 
a mixture thereof. 

[0035] The reaction may be carried out in the presence of a base. 

[0036] The base Includes, for example, organic or inorganic bases such as triethyiamine, diisopropylethylamine. 
1 ,8-diazabicyclo[5,4,0]undec-7-ene (DBU), pyridine, potassium tert-butoxide, sodium carbonate, sodium hydrogencar- 
bonate, potassium carbonate, sodium hydroxide and the like. 

[0037] The amount of the base used is 0.5 mole or more, preferably 1 to 1 0 moles, per mole of the compound of the 
general formula [2]. 

[0038] The amount of the compound of the general formula [3] is 1 moie or more, preferably 1 to 20 moles, per mole 
of the compound of the general formula [2]. 

[0039] The reaction is carried out at usually -1 00*^0 to 200*0, preferably -60**C to 1 0O^'C, for 1 0 minutes to 20 hours. 
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[0040] The compound of the general fomnula [4] obtained nnay be used as it is in the subsequent reaction without 
isolation. 

[0041] (1-2) When Is an unprotected hydroxyl group in the compound of the general formula [4], this compound 
can be converted to a compound of the general formula [4a] by subjecting It to a conventional reaction for protecting 
5 the hydroxyl group. 

[0042] This reaction may be carried out by a per se well-known method, for example, the method described In The- 
odora W. Green, "Protective Groups in Organic Synthesis" pages 1 0-1 1 8 (1 991 ), John Wiley & Sons. Inc., or a method 
based thereon. 

[0043] A compound used in the reaction for protecting the hydroxyl group includes, for example, acid anhydrides 
10 such as acetic anhydride and the like; acid halides such as benzoyl chloride, pivaloyi chloride, methoxycarbonyl chlo- 
ride, ethoxycarisonyi chloride and the like; halides such as methoxymethyl chloride, benzyloxymethyl chloride, benzyl 
chloride, benzyl bromide, trityl chloride, triethylsilyl chloride and the like; organic carboxylic acid compounds such as 
benzoic acid and the like; dialkoxyaikyl compounds such as dimethoxymethane and the like; and acyclic or cyclic 
alkoxyvinyl compounds such as 2-methoxypropene, 3,4-dihydro-2H-pyran and the like. 
15 [0044] The amount of the compound used in the reaction for protecting the hydroxyl group is 1 mole or more, pref- 
erably 1 to 2 moles, per mole of the compound of the general formula [4a]. 

[0045] The reaction for protecting the hydroxyl group by the use of any of the acid anhydrides, the acid halides and 
the halides is usually carried out in the presence of a base or a dehalogenating agent. The base used includes, for 
example, organic or inorganic bases such as triethylamine. N,N-diisopropylethylamine, 1 ,8-diazabicyclo[5,4,0]undec- 
20 7-ene (DBU), pyridine, 4-dimethylaminopyridine, potassium tert-butoxide, sodium hydroxide, potassium hydroxide, 
sodium hydride and the like. The dehalogenating agent includes silver compounds such as silver oxide and the like. 
[0046] The reaction for protecting the hydroxyl group by the use of the organic carboxylic acid compound is carried 
out in the presence of a dehydrating agent. The dehydrating agent used includes, for example triphenylphosphinedi- 
isopropyl=azodicari30xylate. 

25 [0047] The reaction for protecting the hydroxyl group by the use of any of the acid anhydrides, the dialkoxyaikyl 
compounds and the acyclic or cyclic alkoxyvinyl compounds is usually carried out In the presence of an acid catalyst. 
The acid used Includes organic sulfonic acids such as p-toluenesulfonic acid and the like; inorganic acids such as 
hydrochloric acid, sulfuric acid and the like; and Lewis acids such as boron trifluorlde, boron trifluoride diethyl ether 
complex, boron trifluoride tetrahydrofuran complex and the like. 

30 [0048] The amount of the base, dehalogenating agent or dehydrating agent used in the reaction is 1 mole or more, 
preferably 1 to 2 moles, per mole of the compound used in the reaction for protecting the hydroxyl group. The amount 
of the acid used as catalyst is 0.001 to 10 moles, preferably 0.01 to 1 mole, per mole of the compound of the general 
fon7iula[4a]. 

[0049] In the reaction, any solvent may be used so long as it has no undesirable Influence on the reaction. The 
35 solvent includes, for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers 
such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimethylformamide and the like; esters such 
as ethyl acetate and the tike; ketones such as acetone, methyl ethyl ketone and the like; nitrites such as acetonitrile 
and the like; and heteroaromatic compounds such as pyridine and the like. These solvents may be used singly or as 
40 a mixture thereof. 

[0050] The reaction is carried out at usually -1 00°C to 200°C, preferably -SC^C to 1 00°C, for 1 0 minutes to 30 hours. 
[0051 ] The reactants or base used In each of the above production methods may be used also as a solvent, depending 
on their properties. 

[0052] The compound of the general formula [4a] obtained may be used as it is in the subsequent reactton without 



[0053] (1-3) A compound of the general fonnula [1] can be produced by subjecting the compound of the general 
formula [4] or the general fomnula [4a] to a conventional reduction. 

[0054] This reduction may be carried out by a per se weil-known method, for example, the method described in 
Japanese Chemical Association, "Shin Jikken Kagaku Koza" vol. 15, [II], pages 29-244 (1977), Maruzen Co., Ltd. or 
50 a method based thereon. 

[0055] In the reaction, any solvent may be used so long as It has no undesirable influence on the reaction. The 
solvent includes, for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers 
such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
and alcohols such as methanol, ethanol, isopropanol and the like. These solvents may be used singly or as a mixture 



[0056] As a reducing agent, there are exemplified aluminum hydrides such as lithium aluminum hydride and the tike; 
and boron hydrides such as diborane, borane-tetrahydrofuran complexes, borane-dimethyl sulfide complexes, sodium 
boro hydride and the like. 
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[0057] When sodium borohydhde is used as the reducing agent, the reaction is preferably carried out In the presence 
of a Lewis acid such as boron trifluoride, boron trifluoride diethyl ether complex, boron trifluoride tetrahydrofuran com- 
plex or the like. 

[0058] The amount of the reducing agent used Is 0.2 mole or more, preferably 0.5 to 10 moles, per mole of the 
compound of the general formula [4] or the general formula [4a]. 

[0059] The amount of the Lewis acid used is 1 mole or more, preferably 4/3 to 2 moles, per mole of the reducing agent. 
[0060] The reaction Is carried out at usually -SCC to 200<'C, preferably O'^C to 110*'C, for 10 minutes to 20 hours. 

Production process 2. 

[0061] A compound of the general formula [1 a] can be produced by reacting a compound of the general formula [5] 
with a compound of the general formula [3] in the presence or absence of a base. 

[0062] In this reaction, any solvent may be used so long as It has no undesirable influence on the reaction. The 
solvent includes, for example, water; halogenated hydrocarbons such as methylene chloride, chloroform and the like; 
aromatic hydrocarbons such as benzene, toluene, xylene and the like; ethers such as tetrahydrofuran, dioxane and 
the like; alcohols such as methanol, ethanol and the like; nitriles such as acetonitrile and the like; amides such as N, 
N<<lmethylfonnamide and the like; and sulfoxides such as dimethyl sulfoxide and the like. These solvents may be used 
singly or as a mixture thereof. 

[0063] The base optionally used includes, for example, organic or inorganic bases such as triethyiamine, diisopro- 
pylethylamine, 1,8-dia2abicyclo[5,4,0]undec-7-ene (DBU), pyridine, potassium tert-butoxide, sodium carbonate, sodi- 
um hydrogencarbonate, potassium carbonate, sodium hydroxide and the like. 

[0064] The amount of the base used is 0.5 mole or more, preferably 1 to 20 moles, per mole of the compound of the 
general formula [5], 

[0065] In addition, the reaction may be carried out in the presence of a catalyst. 
[0066] The catalyst includes, for example, potassium iodide and sodium iodide. 

[0067] The amount of the catalyst used is 0.01 to 1 0 moies, preferably 0.1 to 1 mole, per mole of the compound of 

the general fonmula [5]. 

[0068] The amount of the compound of the general formula [3] used is 1 mole or more, preferably 1 to 20 moles, per 
mole of the compound of the general formula [5]. 

[0069] The reaction is carried out at usually 0*^0 to 200''C. preferably 20<'C to ISO^'C, for 10 minutes to 20 hours. 
[0070] The reactants or base used in the above production process may be used also as a solvent, depending on 
their properties. 

Production process 3. 

[0071] A compound of the general formula [1 b] can be produced by reacting a compound of the general formula [6] 
with a compound of the general formula [7] in the presence of a base. 

[0072] This reaction may be carried out by a per se well-known method, for example, the method described in Tet- 
rahedron Letters, vol. 38, pages 3251 -3254 (1975) and Japanese Chemical Association, "Shin Jikken Kagaku Koza" 
vol. 14, [I], pages 567-611 (1977), Maruzen Co., Ltd. or a method based thereon. 

[0073] The base includes, for exannple, sodium hydride, sodium hydroxide, potassium hydroxide and potassium tert- 
butoxide. 

[0074] In the reaction, any solvent may be used so long as It has no undesirable influence on the reaction. The 
solvent includes, for example, halogenated hydrocarbons such as methylene chloride, chloroform and the like; ethers 
such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimethylformamlde and the like; and water. 
These solvents may be used singly or as a mixture thereof. 
[0075] The reaction may be carried out in the presence or absence of a catalyst. 

[0076] The catalyst used includes usually known phase transfer catalysts composed of a quaternary ammonium salt, 
and preferable examples thereof are tetra-n-butylammonium hydrogensulfate and tetra-n-butylammonium bromide. 
[0077] The amount of each of the compound of the general formula [7] and the base used In the reaction is 1 mole 
or more, preferably 1 to 20 moles, per mole of the compound of the general formula [6]. The amount of the catalyst is 
0.001 to 1 mole per mole of the compound of the general formula [6]. 

[0078] The reaction Is carried out at usually -50**C to 200*C, preferably O^C to 150*»C, for 10 minutes to 20 hours. 

Production process 4. 

[0079] A compound of the general formula [lb] can be produced by reacting a compound of the general formula [8] 
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with a compound of the general fomiula [9] in the presence or absence of a base. 

[00801 This reaction may be carried out by a per se well-known method, for example, the same method as in pro- 
duction process 3. 

5 Production process 5. 

[0081] (5-1) A compound of the general formula [Ic] can be produced by subjecting a compound of the general 

fomiula [1 a] and a compound of the general formula [1 b] to a conventional deprotecting reaction. 

[00821 This reaction may be carried out by a per se well-known method, for example, the method descnbed in The- 

10 odora W. Green, "Protective Groups in Organic Synthesis" pages 10-118 and 309-405 (1991), John Wiley & Sons. 
Inc., or a method based thereon. . 
[0083] The deprotecting reaction is earned out under conditions for. for example, hydrolysis and transestenfication 
reaction in the presence of an acid or a base, substitution and elimination reaction in the presence of an acid catalyst, 
or hydrogenolysis in the presence of a metal catalyst. The base used includes, for example, inorganic bases such as 

15 sodium hydroxide, potassium hydroxide, sodium hydride and the like. The acid includes organic sulfonic acids such 
as p-toluenesulfonic acid and the like; organic carboxylic acids such as fonmic acid, acetic acid, trif luoroacetic acid and 
the like- Inorganic acids such as hydrochloric acid, sulfuric acid and the like; and Lewis acids such as boron trifluoride. 
boron trifluoride diethyl ether complex, boron trifluoride tetrahydrofuran complex and the like. The metal catalyst in- 
cludes for example, transition metals such as platinum, palladium, palladium-cariaon. palladium hydroxide and the like. 

20 [0084]' The base used in the reaction may be used in an amount of 1 mole or more, preferably 1 to 5 moles, per mole 
of a combination of the compounds of the general formulas [1a] and [lb]. The amount of the acid used is 1 mole or 
more preferably 1 1 to 1 00 moles, per mole of a combination of the compounds of the general fomiulas [1 a] and [1 b]. 
The amount of the metal catalyst used Is a catalytic amount, preferably 0.01 to 30% by weight, relative to a combination 
of the compounds of the general fomnulas [1 a] and [1 b]. 

25 [0085] In the reaction, any solvent may be used so long as it has no undesirable influence on the reaction. The 
solvent includes, for example, halogenated hydrocariDons such as methylene chloride, chlorofomi and the like; ethers 
such as tetrahydrofuran. dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
sulfoxides such as dimethyl sulfoxide and the like; amides such as N.N-dimethylfomnamlde and the like; esters such 
as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the like; nitriles such as acetonitnle 

30 and the like; alcohols such as methanol, ethanol and the like; organic cartDoxylic acids such as formic acid, acetic acid 
and the like' and water. These solvents may be used singly or as a mixture thereof. 

[0086] The reaction is carried out at usually -1 OQOC to 200«C. preferably to 1 20»C, for 1 0 minutes to 20 hours, 
[0087] The acid used in each of the above production methods may be used also as a solvent, depending on its 

35 [00881^*^(5-2) The compound of the general fomnula [1c] can be converted to the compound of the general fonnula 
[1b] by subjecting rt to any of conventional reactions for protection of a hydroxyl group and an amino group and the 

alkylation of an amino group. -i * i 

[0089] The reaction for protecting a hydroxyl group may be carried out by a per se well-known method, for example, 
the method described in Theodora W. Green, "Protective Groups in Organic Synthesis" pages 10-118 (1991), John 
40 Wiley & Sons. Inc., or a method based thereon, namely, the reaction may be carried out by the same method as in the 

above Item (1-2), ^ < i 

[0090] The reaction for protecting an amino group may be earned out by a per se well-known method, for example, 
the method described In Theodora W. Green. "Protective Groups In Organic Synthesis" pages 309-405 (1991). John 
Wiley & Sons. Inc., or a method based thereon. 
45 [0091] A compound used In the reaction for protecting an amino group includes, for example, acid anhydrides such 
as acetic anhydride and the like; and acid halides such as acetyl chloride, benzoyl chloride, mesyl chlonde, tosyl 
chloride and the like. The amount of the compound used is 1 mole or more, preferably 1 to 2 moles, per mole of the 
compound of the general formula [Icj. 

[0092] This reaction is usually carried out in the presence of a base, and the base includes, for example, organic or 
50 inorganic bases such as triethylamine. diisopropylethylamine. 1 ,8-diazabicyclo[5,4.0]undec-7-ene (DBU). pyridine, po- 
tassium tert-butoxide, sodium carbonate, sodium hydrogencariaonate. potassium carbonate, sodium hydride and the 

like 

[0093] The amount of the base used Is 0 .5 mole or more, preferably 1 to 1 0 moles, per mole of the compound of the 
general fomiuia [1c]. 

[0094] In the reaction, any solvent may be used so long as it has no undesirable influence on the reaction. The 
solvent includes, for example, halogenated hydrocartDons such as methylene chloride, chlorofomi and the like; ethers 
such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; 
sulfoxides such as dimethyl sulfoxide and the like; amides such as N.N-dimethylfonmamide and the like; esters such 
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as ethyl acetate and the like; ketones such as acetone, methyl ethyl ketone and the like; nitriles such as acetonitrile 
and the like; alcohols such as methanol, ethanol and the like; and water. These soh/ents may be used singly or as a 
mixture thereof. 

[0095] The reaction is carried out at usually -1 00**C to 200°C. preferably -60'C to 1 00*»C, for 1 0 minutes to 20 hours. 
s [0096] The alkylation of an amino group may be carried out by a per se well-known method, for example, the method 
described in Japanese Chemical Association, "Shin Jikken Kagaku Koza" vol. 14, [III], pages 1332-1399 (1977), 
Maruzen Co., Ltd. or a method based thereon. 

[0097] A compound used in the alkylation of an amino group includes, for example, carbonyl compounds such as 
fomnaldehyde, parafonnaldehyde, acetaldehyde, acetone and the like. 
10 [0098] The amount of this compound used is 1 mole or more, preferably 1 to 5 moles, per mole of the compound of 
the general fomnula [1c]. 

[0099] This reaction is usually carried out in the presence of a reducing agent, and the reducing agent includes boron 
hydrides such as sodium borohydride and the like. 

[01 00] The amount of the reducing agent used Is 0.5 mole or more, preferably 1 to 1 0 moles, per mole of the carbonyl 
IS compound. 

[0101] In the reaction, any solvent may be used so long as It has no undesirable influence on the reaction. The 
solvent includes, for example, water; halogenated hydrocarbons such as methylene chloride, chloroform and the like; 
aromatic hydrocarbons such as benzene, toluene, xylene and the like; ethers such as tetrahydrofuran, dioxane and 
the like: and alcohols such as methanol, ethanol and the like. These solvents may be used singly or as a mixture thereof. 
20 [0102] The reaction is carried out at usually -100'C to 200''C, preferably CC to 100°C, for 10 minutes to 30 hours. 
[0103] The reactants used In each of the above production methods may be used also as a solvent, depending on 
their properties. 

[0104] In the above production processes, each of the compounds of the general fomnulas [2] to [9] can be used In 
the form of a salt. As the salt, there are exemplified the same salts as in the case of the compound of the general 
25 fomnula [1]. As salts of the compounds of the general fomnulas [1 a], [1 b] and [1 c], there are exemplified the same salts 
as in the case of the compound of the general formula [1]. 

[0105] When any of the compounds of the general formulas [1a]. [lb], [1c) and [2] to [9] has isomers (for example, 
optical isomers, geometrical isomers and tautomers). each of these Isomers can be used. In addition, any of the com- 
pounds may be used in the form of a hydrate or solvate or in any crystal form. - ~ 
30 [0106] Each of the compounds of the general formulas [1a], [1b], [tc] and [2] to [9] may be used as it is In the 
subsequent reaction without isolation. 

[0107] When any of the compounds of the general formulas [1], [1a], [1b], [1c] and [2] to [9] has a hydroxyl group, 
an amino group or a carboxyl group, it is possible to previously protect the hydroxyl group, the amino group or the 
carboxyl group with a conventional protecting group and, if necessary, remove the protecting group by a per se well- 
3S known method after completion of the reaction. 

[0108] In addition, each of the alkyi ether derivatives of the general fomnulas [1], [laj, [lb] and [1c] or Its salt can be *i 
converted to another alkyI ether derivative of the general formula [1 ] or its salt by a proper combination of per se well- 
known methods such as oxidation, reduction, alkylation, halogenation, sulfonylation, substitution, dehydration, hydrol- 
ysis and the like. 

40 [0109] The alkyI ether derivatives of the general fomnulas [1], [la], [lb] and [1c] or their salts can be isolated and 
separated according to one or more conventional operations which may be selected from extraction, crystallization, 
distillation, column chromatography and the like. 

[0110] Processes for producing each of the compounds of the general fomnulas [2] and [5], which Is a starting material 
for producing the compound of the present invention, are explained below. 
45 [01 1 1 ] The compound of the general formula [2] can be produced, for example, by the following production process 
A by adopting one or a proper combination of per se well-known methods. 
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Production process A. 




161 



wherein , R2. A, X^, m and n are as defined above; R* is a cyano group, a lower alkoxycarbonyl group, a dialkylami- 
nocarbonyi group or a cyclic aminocarbonyl group; and is a leaving group. 

[01 1 2] (A-1 ) A compound of the general fomnula [1 1 ] can be produced by reacting a compound of the general fomnula 
[6] with a compound of the general formula [10] in the presence of a base. 

[0113] This reaction may be carried out by a per se well-known method, for example, the method described in Jap- 
anese Chemkjal Association, "Shin Jlkken Kagaku Koza" vol. 14, [I], pages 567-611 (1977). Maruzen Co., Ltd. or a 
method based thereon. 

[01 1 4] (A-2) A compound of the general fonmula [1 1 ] can be produced by reacting a compound of the general fomnula 

[8] with a compound of the general formula [12] in the presence of a base. 

[01151 This reaction may be carried out by a per se well-known method, for example, the same method as in the 
production process (A-1). 

[01161 (A-3) The compound of the general fonnula [2] can be produced by subjecting the compound of the general 
f omiula [1 1 ] to a conventional hydrolysis of nilrile, ester or amide. 

[01 17] This reaction may be carried out by a per se well-known method, for example, the method described in Jap- 
anese Chemical Association, "Shin Jikken Kagaku Koza" voi. 14, [II], pages 930-950 (1977), Maruzen Co., Ltd. and 
Theodora W. Green, "Protective Groups In Organic Synthesis" pages 152-192 (1981), John Wiley & Sons. Inc. or a 
method based thereon. 

[01181 (A-4) A compound of the general fonnula [11a] can be produced by subjecting a compound of the general 

fonnula [6] to Michael addition with a compound of the general fomnula [16] In the presence of a base. 

[01191 This reaction may be carried out by a per se well-known method, for example, the method described in any 

of "Chemical & Phannaceutlcal Bulletin" vol. 41, pages 1659-1663 (1993), Japanese Chemical Association, "Shin 

Jikken Kagaku Koza" vol. 14, [i], pages 585-587 (1977), Maruzen Co., Ltd. and JP-A-3-99038, or a method based 

thereon. 

[0120] (A-5) A compound of the general fonnula [2a] can be produced by subjecting the compound of the general 
fonnula [11a] to a conventional hydrolysis of nitrile, ester or amide. 
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[0121] This reaction may be carried out by a per se well-known method, for example, the same method as In (A-3). 
[0122] The compound of the general formula [5] can be produced, for example, by the following production process 
B by adopting one or a proper combination of per se well-known methods. 



Production process B. 
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''^^T^-l-t^^ArCHCH^cooH 
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wherein R"" , R2, , A, m and n are as defined above; R^a is an alkoxycarbonyl group; RS is a hydroxyl -protecting group 

30 which is stable under basic conditions; and each of and is a leaving group. 

[0123] The hydroxyl-protecting group stable under basic conditions includes, for example, lower alkyi groups such 
as tert-butyl and the like; lower alkenyl groups such as allyl and the like; ar-lower alkyI groups such as benzyl, 4-meth- 
oxybenzyl, 3,4-dimethoxybenzyl, diphenylmethyl, trityl and the like; oxygen-containing or sulfur-containing heterocyclic 
groups such as tetrahydrofuryl, tetrahydropyranyl, tetrahydrothiopyranyl and the like; lower alkoxy-lower alkyI groups 

35 such as methoxymethyl, 2-(trimethylsilyl)ethoxymethyl, 1-methyl-1-methoxyethyl and the like; and substituted silyl 
groups such as tert-butyldimethylsilyl, diphenylmethylsilyl and the like. 

[0124] (B-1) The compound of the general formula . [5] can be produced by reacting a compound of the general 
formula [6] with a compound of the general formula [13], 

[0125] This reaction may be carried out by a per se well-known method, for example, the method described in Tet- 
40 rahedron Letters, vol. 38, pages 3251 -3254 (1 975) and Japanese Chemical Association. "Shin Jikken Kagaku Koza" 
vol. 14, [1], pages 567-611 (1977), Maruzen Co., Ltd, or a method based thereon. 

[01 26] (B-2) A cornpound of the general formula [1 5] can be produced by reacting a compound of the general fomnula 
[6] with a compound of the general formula [14], and then removing the protecting group. 

[0127] This reaction may be canned out by a per se well-known method, for example, the same method as in pro- 
45 duction process 3, and then the protecting group may be removed. 

[0128] (B-3) A compound of the general formula [15] can be produced by subjecting a compound of the general 
formula [2] or a compound of the general formula [11b] to a conventional reduction. 

[01 29] This reduction may be carried out by a perse well-known method, for example, the method described in "Shin 
Jikken Kagaku Koza" vol. 15, pages 26-244 (1 977), Maruzen Co., Ltd. or a method based thereon. 
50 [0130] (B-4) The compound of the general formula [5] can be produced by reacting the compound of the general 
formula [15] with a halogenating agent or a sulfonylating agent in the presence or absence of a base. 
[01 31] A solvent used in this reaction includes, for example, halogenated hydrocarbons such as methylene chloride, 
chloroform and the like; ethers such as tetrahydrofuran, dioxane and the like; aromatic hydrocarbons such as benzene, 
toluene, xylene and the like; sulfoxides such as dimethyl sulfoxide and the like; amides such as N,N-dimethylformamide 
and the like; esters such as ethyl acetate and the like; and nitriles such as acetonitrile and the like. These solvents 
may be used singly or as a mixture thereof. 

[0132] The base optionally used includes, for example, organic or inorganic bases such as triethylamine, diisopro- 
pylethylamine, 1,8-diazabicyclo[5,4,0]undec-7-ene. pyridine, potassium tert-butoxide. sodium carbonate, potassium 
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cgirbonate, sodium hydride and the like. 

[0133] The halogenating agent Includes, for example, phosphorus oxychloride, phosphorus oxybromide, phosphorus 
trichloride, phosphorus pentachloride, carbon tetrabromide-triphenylphosphine, and thionyl chloride. 
[01341 The sulfonylating agent Includes, for example, methanesulfonyl chloride and p-toluenesulfonyl chloride. 
5 [0135] The amount of each of the halogenating agent or sulfonylating agent and the base used is 1 mole or more, 
preferably 1 to 2 moles, per mole of the compound of the general fomnula [15]. 

[0136] The reaction is carried out at usually -50«C to 200''C, preferably O^C to 50'C, for 10 minutes to 30 hours. 
[0137] When any of the compounds of the general formulas [2], [2a]. [6], [8], [10] to [16], [11a] and [11b] in production 
processes A and B has a hydroxyl group, an amino group or a cartaoxyl group, it is possible to previously protect the 
10 hydroxyl group, the amino group or the carboxyl group with a conventional protecting group and, if necessary, remove 
the protecting group by a perse well-known method after completion of the reaction. 

[0138] When any of the compounds of the general fomiulas [2], [2a], [6], [8], [10] to [1 6], [Ha] and [11b] has isomers 
(for example, optical isomers, geometrical isomers and tautomers). each of these isomers can be used. In addition, 
any of the compounds may be used in the forni of a hydrate or solvate or in any crystal fomn. 
15 [0139] Each of the compounds of the general formulas [2], [2a], [6], [8], [10] to [16], [11a] and [lib] may be used as 
it is in the subsequent reaction without isolation. 

[0140] The compound of the present invention can be formulated Into pharmaceutical preparations such as oral 
preparations (e.g. tablets, capsules, powders, granules, fine granules, pills, suspensions, emulsions, solutions and 
syrups), injections, suppositories, external preparations (e.g. ointments and patches), aerosols and the like by blending 

20 therewith various pharmaceutical additives such as excipients. binders, disintegrators, disintegration inhibitors, con- 
solidation-adhesion inhibitors, lubricants, absorption^adsorption carriers, solvents, fillers, isotonicity agents, solubiliz- 
ers, emulsifying agents, suspending agents, thickening agents, coating agents, absorption accelerators, gelation^co- 
agulationaccelerators, light stabilizers, preservatives, dehumidifiers,emulsion*suspension»disperslon stabilizers, color 
protectors, deoxygenation»oxidation inhibitors, sweeten! ng»flavoring agents, coloring agents, foaming agents, defoam- 

25 ing agents, soothing agents, antistatic agents, buffering and pH-adjusting agents, etc. 
[0141] The above various phamnaceuticals are prepared by conventional methods. 

[01 42] The oral solid pharmaceuticals such as tablets, powders and granules are prepared by a conventional method 
by using pharmaceutical additives for solid preparation, for example, excipients such as lactose, sucrose, sodium 
chloride, glucose, starch, calcium cartDonate, kaolin, crystalline cellulose, anhydrous calcium secondary phosphate. 

30 partly pregelatinized starch, corn starch, alginic acid and the like; binders such as simple syrup, a glucose solution, a 
starch solution, a gelatin solution, polyvinyl alcohols, polyvinyl ethers, polyvinylpyrrolidones, cartaoxymethyl cellulose, 
shellac, methyl cellulose, ethyl cellulose, sodium alginate, gum arable, hydroxypropylmethyl cellulose, hydroxypropyl 
cellulose, water, ethanol and the like; disintegrators such as dried starch, alginic acid, agar powder, starch, crosslinked 
polyvinylpyrrolidones, crosslinked cart^oxymethyl cellulose sodium salt, carboxymethyl cellulose calcium salt, starch 

33 sodium glycolate and the like; disintegration inhibitors such as stearyi alcohol, stearic acid, cacao butter, hydrogenated 
oil and the like; consolidation-adhesion inhibitors such as aluminum silicate, calcium hydrogenphosphate. magnesium 
oxide, talc, silicte acid anhydride and the like; lubricants such as carnauba wax. light silicic acid anhydride, aluminum 
silicate, magnesium silicate, hydrogenated oil, hydrogenated vegetable oil derivatives, sesame oil, white beeswax, 
titaniurn oxide, dried aluminum hydroxide gel, stearic acid, calcium stearate, magnesium stearate, talc, calcium hydro- 

40 genphosphate. sodium lauryl sulfate, polyethylene glycols and the like; absorption accelerators such as quaternary 
ammonium salts, sodium lauryl sulfate, urea, enzymes and the like; and absorption»adsorption canriers such as starch, 
lactose, kaolin, bentonite, silteic acid anhydride, hydrated silicon dioxide, magnesium aluminate metasilicate, colloidal 
silica and the like. 

[0143] If necessary, tablets can be made into tablets having a conventional coating, such as sugar coated tablets, 
45 gelatin coated tablets, gastric coated tablets, enteric coated tablets and water-soluble-film coated tablets. 

[0144] The capsules are prepared by mixing the compound of the present invention with the above-exemplified 
various phannaceutical additives and packing the resulting mixture into hard gelatin capsules, soft capsules orthe like. 
[0145] The compound of the present invention can be fomnulated into an aqueous or oily suspension, solution, syrup 
or elixir by a conventional method by using the above-exemplified various additives for liquid preparation, such as 
50 solvents, fillers, isotonicity agents, solubilizers. emulsifying agents, suspending agents, thickening agents and the like. 
[0146] The suppositories are prepared by adding a suitable absorption accelerator to, for example, a polyethylene 
glycol, cacao butter, lanolin, a higher alcohol, a higher alcohol ester, gelatin, a semi-synthesized glyceride or Witepsol. 
[0147] The injections are prepared by a conventional method by using pharmaceutical additives for liquid preparation, 
for example, diluents such as water, ethanol, Macrogol, propylene glycol, citric acid, acetic acid, phosphoric acid, lactic 
55 acid, sodium lactate, sulfuric acid, sodium hydroxide and the like; pH adjusters and buffers, such as sodium citrate, 
sodium acetate, sodium phosphate and the like; stabilizers such as sodium pyrosutfite, ethylenediaminetetraacetic 
acid, thioglycolic acid, thiolactic acid and the like; isotonicity agents such as sodium chloride, glucose, mannitol. glycerol 
and the like; solubilizers such as carboxymethyl cellulose sodium salt, propylene glycol, sodium benzoate. benzyl 
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benzoate, urethane, ethanolamine, glycerol and the like; soothing agents such as calcium gluconate, chlorobutanol, 
glucose, benzyl alcohol and the like; and local anesthetics. 

[0148] The ointments in the fomi of paste, cream or gel are prepared by mixing and fomiulation according to a 
conventional method by using pharmaceutical additives, for example, base ingredients such as white soft paraffin, 
^ polyethylenes. paraffin, glycerol, cellulose derivatives, polyethylene glycols, silicone, bentonite and the tike; preserv- 
atives such as methyl p-oxybenzoate, ethyl p-oxybenzoate, propyl p-oxybenzoate and the like; stabilizers; and wetting 
agents. 

[0149] When the patch is prepared, the above-mentioned ointment, cream, gel or paste is applied on a conventional 
support by a conventional method. As the support, there can be used woven or nonwoven fabrics made of cotton, 
10 staple fiber or chemical fiber; and films orfoamedsheetsof soft vinyl chloride, a polyethylene, a poiyurethaneorthe like. 
[0150] A method for administering the above-mentioned phamiaceutical preparation is not particularly limited and 
is properly determined depending on the phamnaceutical fomri, the age, sex and other conditions of a patient, and the 
symptom of the patient. 

[0151] The dose of active ingredient of the phamnaceutical preparation of the present invention is properly chosen 
15 depending on administration route, the age, sex and pathosis of a patient, and other conditions. Usually, the active 
ingredient may be administered to an adult in a dose of 0.1 to 500 mg per day in one portion or several portions. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 [0152] The present Invention Is Illustrated with reference to the following examples, reference examples and test 
examples, which should not be construed as limiting the scope of the Invention. 

[0153] In the examples and reference examples, the mixing ratios in the eluents are all by volume, and B.W. Silica 
gel, BW-127ZH or FL-100DX (mfd. by FUJI SILYSIA CHEMICAL LTD.) was used as a carrier in the column chroma- 
tography. 

2s [0154] The symbols used in the reaction schemes have the following meanings: 

Ac: acetyl, Boc: tert-butoxycarbonyl, 
Bz: benzoyl, 

Piv: pivaloyi, Bn: benzyl, Tr trltyl, 
30 MOM: methoxymethyt, BOM: benzyloxymethyl, 

TES: triethylsilyl, THP: tetrahydropyranyl, 
Ms: mesyl. Me: methyl, Et: ethyl, Ph: phenyl, 
t-Bu: tert-butyi. 

35 Example 1 

Production of 1 -{2-[2-(1 -benzothiophen-5-yi)ethoxy]ethyl}-3-azetidinol 
[0155] 

40 



45 



(1 ) In 1 2 mL of methylene chloride was dissolved 1 .20 g of 2-[2-(1 -benzothiophen-5-yOethoxy]acetic acid, and 2.3 
mL of triethylamine and 0.38 g of imidazole were added to the solution. The resulting mixture was cooled to S^'C 
and 0.41 mL of thionyl chloride was added dropwise thereto, followed by stirring at the same temperature for 1 

50 hour. After the reaction mixture was cooled to -SCC, 0.82 mL of triethylamine and 0.72 g of 3-azetidinol hydro- 

chloride were added thereto, and the resulting mixture was stirred at the same temperature for 1 hour and then at 
room temperature for 1 .5 hours. Water was added to the reaction mixture and the pH was adjusted to 1 .0 with 6 
moi/L hydrochloric acid, after which the organic layer was separated. The organic layer was washed with a satu- 
rated aqueous sodium chloride solution and then dried over anhydrous magnesium sulfate. The solvent was dis- 
ss tilled off under reduced pressure to obtain 2-[2-(1-benzothiophen-5-yl)ethoxy]-1-(3-hydroxy-1-azetidinyl)-1-eth- 
anone as a yellow oil. 

(2) The aforesaid 2-[2-(1 -benzothiophen-5-yl)ethoxy]-1-(3-hydroxy-1-azetldinyl)-1-ethanone was dissolved in 12 
mL of tetrahydrofuran and the resulting solution was cooled to S'C, after which 12.7 mL of a 1 mol/L solution of a 
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borane-tetrahydrofuran complex in tetrahydrofuran was added dropwise thereto and the resulting mixture was 
stirred at room temperature for 1 7 hours. To the reaction mixture was added 1 0 mL of acetone, and stirred for 30 
minutes, followed by adding thereto 6.0 mL of 6 mol/L hydrochloric acid, and the resulting mixture was heated 
under reflux for 2 hours. After the reaction mixture was cooled, water and ethyl acetate were added thereto and 

5 the pH was adjusted to 1 3 with a 2 mol/L aqueous sodium hydroxide solution, and the organic layer was separated. 

The organic layer was washed with a saturated aqueous sodium chloride solution and then dried over anhydrous 
magnesium sulfate. The solvent was distilled off under reduced pressure to obtain 1 .1 3 g of 1 -{2-[2-(1 -benzothi- 
ophen-5-yl)ethoxy]ethyl}-3-azetidinol as a yellow oil. 
IR(neat)cm-'« : 3378,2943, 1 438,1 1 98,1 1 1 9.703 

10 NMR(CDCl3)5 values: 2.66(2H,t,J=6Hz), 2.9-3.1 (2H.m), 2.99(2H,t,J=7H2), 3.46(2H,t,J=6Hz), 3.6-3.7(2H.m), 

3.67(2H,t.J=7Hz), 4.41(1H,qn.J=6Hz). 7.20(1 H.dd,J=2,8Hz), 7.27(1 H,d,J=5Hz), 7.41 (1 H.d.J=5Hz). 7.66(1 H, d. 
J=2H2). 7.78(1 H.d.J=8Hz) 

Example 2 

15 

Production of 1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-azetidinol hydrochloride 
[0156] 

20 




25 

[0157] In 4.2 mL of ethyl acetate was dissolved 1 .03 g of 1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-azetidinol. 
and to the solution was added 0.86 mL of a 4.76 mol/L dried hydrogen chloride-ethyl acetate solution. The resulting 
mixture was stirred at room temperature for 1 hour and then at 5'C for 1 hour. The crystals precipitated were collected 
30 by filtration, washed with ethyl acetate and then dried to obtain 0.98 g of 1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}- 
3-azetidinol hydrochloride. 

Melting point: 101-102'C. 

IR(KBr)cm-l : 31 32,2952, 1 423.1340, 1 1 58,81 4.701 

NMR(CDCl3)6values:2.97(2H,t,J=7Hz).3.2-3.3(2H.m),3.69(2H,t,J=7Hz),3.6-3.8(2H,m), 3.9-4.1 (2H,m), 4.2-4.4 
35 (2H,m), 4.6-4.8(1 H,m). 7.18(1H,dd,J=1.8Hz). 7.29(1 H,d.J=5Hz). 7.41(1H.d,J=5Hz). 7.65(1 H.d,J=1 Hz). 7.78(1H.d. 
J=8Hz) 

Example 3 

40 Production of 1 -{3-[2-(1 -benzothiophen-6-yl)ethoxy]propyl}-3-azetidinol 
[0158] 



45 




50 [0159] In 5 mL of dimethyl sulfoxide was dissolved 1.00 g of 6-t2-(3-chloropropoxy)ethyl]-1-benzothiophene, and 
0.86 g of 3-azetldinol hydrochloride and 1 .63 g of potassium carbonate were added to the solution. The resulting mixture 
was stirred at 75''C for 2.5 hours and then at 95°C for 1 .5 hours. After the reaction mixture was cooled, water and ethyl 
acetate were added thereto and the pH was adjusted to 1 with 6 mol/L hydrochloric acid, and the aqueous layer was 
separated. Ethyl acetate was added to the aqueous layer and the pH was adjusted to 1 0 with a 2 mol/L aqueous sodium 

55 hydroxide solution, after which the organic layer was separated. The organic layer was washed with water and then a 
saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced 
pressure to remove the solvent. The residue was purified by a column chromatography (eluent; chlorofomn : methanol 
= 30 : 1 to 5 : 1) to obtain 0.28 g of 1 -{3-[2-(1-benzothiophen-6-yl)ethoxy]propyl}-3-azetidinol as a coloriess oil. 
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IR(neat)cm-l: 3398,2940.2867,1197,1107,820,757 

NMR(CDCl3)5 values: 1 .60(2H,qn,J=7Hz), 2.45(2H,t,J=7H2), 2.7-2. 8(2H,m), 2.99(2H,t,J=7Hz), 3.45(2H,t, 
J=7Hz), 3.5-3.6(2H,m), 3.66(2H,t,J=7Hz), 4.37(1 H,qn,J=6Hz), 7.23(1 H,dd,J=1 ,8Hz), 7.29(1 H,d,J=5Hz), 7.37(1 H,d, 
J=5Hz). 7.73(1 H.d.J=1 Hz), 7.74(1 H.d.J=8Hz) 

Example 4 

Production of 1-{3-[2-(1-benzothiophen-6-yl)ethoxy]propyl}-3-azetldlnol hydrochloride 
[0160] 




[01 61] In 3.0 mL of ethyl acetate was dissolved 0.28 g of 1 -{3-[2-(1 -benzothlophen-6-yl)ethoxy]propyl}-3-azetidinol, 
and to the solution was added 0.35 mL of a 3.25 mol/L dried hydrogen chloride- ethyl acetate solution, after which the 
resulting mixture was stirred at room temperature for 1 hour. Then, the solvent was distilled off under reduced pressure 
to obtain 0.30 g of 1 -{3-[2-(1 -benzothiophen-6-yl)ethoxy]propyl}-3-azetldlnol hydrochloride as a light-yellow oil. 
IR(neat)cm-i: 3264,2866,2596.1398,1109,1048,821 

NMR(CDCl3)5 values: 1.81(2H,qn,J=6Hz), 2.92(2H,t.J=6Hz), 2.98(2H,t,J=6H2). 3.46(2H,t,J=6Hz), 3.68(2H,t. 
J=6Hz), 3.8-3.9(2H,m), 3.8-4.0(2H,m), 4.4-4.6(1 H,m), 7.23(1 H,dd,J=1.8Hz). 7.31(1H,d,J=5Hz), 7.39(1 H,d,J=5H2), 
7.74(1 H,d,J=1 Hz), 7.76(1 H,d,J=8Hz) 

Example 5 

Production of 1-{3-[2-(1-benzothlophen-2-yl)ethoxy]propyl}-3-a2etldjnol 
[0162] 




[0163] In the same manner as in Example 3. 1 -{3-[2-(1 -benzothiophen-2-yl)ethoxy]propyl}-3-a2etidinol was obtained 
as a colorless oil. | 

IR(neat)cm-i : 3366,2942,2856,1 458.1 436,1 1 1 3,750 

NMR(CDCl3)6'ivalues: 1 .64(2H,qn=7Hz), 2.49{2H,t J=7Hz). 2.7-2.8(2H,m), 3.15(2H,t.J=7Hz), 3.50(2H,t,J=7Hz). 
3.5-3.7(2H,m), 3.7lj(2H,t,J=7Hz), 4.3-4.4(1 H.m). 7.06(1 H,s), 7.2-7.4(2H,m). 7.67(1 H,dd,J=1,7Hz). 7.77(1 H.dd. 

J=1,7Hz) 

I 

Example 6 ' 

Production of 1-{3-[2-(1-benzothlophen-2-yi)ethoxy]propyl}-3-azetidinol hydrochloride 
[0164] 




[0165] In the same manner as in Example 4, 1 -(3-[2-(1 -benzothiophen-2-yl)ethoxy]propyi}-3-azetidinoi hydrochloride 
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was obtained as a light-yellow oil. 

IR(neat)cm-'' : 3290,2868,1 457,1 436,1 1 1 3,751 

NMR(CDCl3)5 values: 1 .83(2H,qn,J=6Hz), 2.91 (2H,t,J=6H2), 3.16(2H.t,J=6Hz), 3.52(2H,t,J=6Hz). 3.74(2H,t, 
J=6Hz). 3.7-3.8(2H,m). 3.7-3.9(2H.m), 4.3-4.5(1 H,m). 7.09(1 H,s), 7.27(1 H.dt,J=1 .8Hz). 7.33(1 H,dt.J=1 .8Hz), 7.69(1 H, 
dd,J=1.8Hz). 7,78(1 H.dd.J=1,8Hz) 

Example 7 

Production of 1-{3-[2-(1-benzothiophen-7-yl)ethoxy]propyl}-3-azetidinol 



[0167] In the same manner as in Example3, 1-{3-[2-(1-benzothiophen-7-yl)ethoxylpropyl}-3-a2etidinol was obtained 
as a colorless oil. 

IR(neat)cm-l : 3386.2942.2856.1 458.1 1 05,796,755.700 

NMR(CDCl3)5 values: 1.61(2H,qn.J=7H2), 2.45(2H,t,J=7H2), 2.7-2.8(2H,m), 3.17(2H,t.J=7Hz), 3.48(2H,t, 
J=7Hz), 3.5.3.7(2H.m), 3.79(2H,t,J=7Hz), 4.3-4.5(1 H,m), 7.2.0(1 H,dd,J=1,8Hz). 7.32(1 H,t,J=8H2). 7.36(1 H,d.J=5Hz). 
7.43(1 H,d,J=5Hz). 7.70(1 H,dd.J=1 ,8Hz) 



[0169] In the same manner as In Example 2, 1-{3-[2-(1-ben20thlophen-7-yl)ethoxylpropyl}-3-a2etidinol hydrochloride 
was obtained as colorless crystals. 
Melting point: 105-106"C. 

IR(KBr)cm-'': 3252=2806.2620,1398.1130,1106,811.708 

NMR(CDCl3)5 values: 1.82(2H,qn,J=6Hz), 2.8-3.0(2H,m). 3.16(2H,t.J=6Hz). 3.47(2H.t.J=6Hz). 3.83(2H.t. 
J=6Hz), 3.7-4.1 (4H,m), 4.5-4.7(1 H.m), 7.21(1H.d,J=8Hz), 7.36(1 H,t.J=8Hz), 7.38(1 H.d.J=5Hz), 7.46(1 H,d,J=5Hz). 
7.73(1 H.d,J=8Hz) 

Example 9 

(a) Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol 1 



[0166] 




Example 8 



Production of 1-{3-[2-(1-benzothlophen-7-yl)ethoxy]propyl}-3-azetldinol hydrochloride 



[0168] 




[0170] 
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[0171] In 30 mL of dimethyl sulfoxide was dissolved 6.50 g of 5-[2>(3-chloropropoxy)ethyl]-1 -benzothiophene, and 
to the solution were added 5.60 g of 3-azetidlnol hydrochloride and 15.3 nriL of a 5 mol/L aqueous sodium hydroxide 
solution, after which the resulting nnixture was stirred at 65**C for 3.5 hours. After the reaction nnlxture was cooled, 
water and ethyl acetate were added thereto and the pH was adjusted to 1 with 6 nnol/L hydrochloric acid, and the 
5 aqueous layer was separated. Ethyl acetate was added to the aqueous layer and the pH was adjusted to 1 0 with a 5 
mol/L aqueous sodium hydroxide solution, after which the organic layer was separated. The organic layer was washed 
with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then 
distilled under reduced pressure to remove the solvent. The residue was purified by a column chromatography (eluent; 
chloroform : methanol - 30 : 1 to 10 : 1) to obtain 4.77 g of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-a2etidinol. 

10 

(b) Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol2 
[0172] 

15 



20 



25 




(1 ) In 300 mL of tetrahydrofuran was dissolved 1 00 g of 3-[2-(1 -benzothiophen-5-y!)ethoxy]propionic acid, and 0.1 
30 mL of N,N<limethylformamlde was added thereto, after which 41 .8 mL of oxalyl chloride was added thereto over 

a period of 10 minutes and the resulting mixture was stirred at room temperature for 1 .5 hours. The resulting 
solution was added dropwise to a solution of 65.7 g of 3-hydroxyazetidine hydrochloride and 59.5 g of sodium 
hydroxide in 600 mL of water at 10°C, followed by stirring at room temperature for 1 hour. To the reaction solution 
were added 600 mL of water, 500 mL of ethyl acetate and sodium chloride, and the organic layer was separated. 
35 To the aqueous layer was added 1 00 mL of ethyl acetate and the organic layer was separated . The organic layers 

thus obtained were combined. To the combined organic layer was added 1 00 mL of water and the pH was adjusted 
to 3.5 with 6 mol/L hydrochloric acid, after which the organic layer was separated. The organic layer was concen- 
trated to a volume of about 200 mL, washed with a saturated aqueous sodium hydrogencarbonate solution and 
then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled 
40 under reduced pressure to remove the solvent. To the residue was added 300 mL of toluene, and the resulting 

mixture was heated at 50*^0 to effect dissolution, after which seed crystals were added at 40''C and the resulting 
mixture was slowly cooled and then stirred under ice-cooling for 30 minutes. The crystals precipitated were col- 
lected by filtration to obtain 96.6 g of 3-[2-(1-benzothlophen-5-yl)ethoxy]-1-(3-hydroxy-1-azetldinyl)-1-propanone 
as light-brown crystals. 

45 (2) In 60 mL of tetrahydrofuran was dissolved 30.0 g of 3-[2-(1-ben2othiophen-5-yl)ethoxy]-1-(3-hydroxy-1-aze- 

tidinyl)-1 -propanone, followed by adding dropwise thereto 275 mL of a 1 mol/L solution of a borane-tetrahydrofuran 
complex In tetrahydrofuran, and the resulting mixture was stirred at room temperature for 5 hours. To the reaction 
solution was added dropwise 81 .9 mL of 6 mol/L hydrochloric acid, and the resulting mixture was refluxed for 1 .5 
hours. After cooling, the solvent was concentrated to be reduced by about 290 mL, and the insoluble materials 

50 were filtered off. To the filtrate were added 120 mL of water and 60 mL of toluene, and the aqueous layer was 

separated and then washed with 60 mL of toluene. To the aqueous layer was added 90 mL of ethyl acetate, and 
the pH was adjusted to 9.5 with a 5 mol/L aqueous sodium hydroxide solution, after which the organic layer was 
separated. The organic layer was washed with a saturated aqueous sodium chloride solution and dried over an- 
hydrous magnesium sulfate. The solvent was distilled off under reduced pressure and 5.35 g of fumaric acid and 

55 54 mLof ethanol were added to the resulting residue. The resulting mixture was heated at 74*'C to effect dissolution, 

and then 161 mL of ethyl acetate was added dropwise thereto. The mixture thus obtained was slowly cooled and 
then stirred at 5 to lO^C for 30 minutes^ and the crystals precipitated were collected by filtration to obtain 22.7 g 
of H3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol 1/2fumarate as light-brown crystals. 
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(3) In 45 mL of water was suspended 22.7 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol 1/2 fu- 
marate, and 68 mL of ethyl acetate was added thereto, after which the pH was adjusted to 9.5 with a 1 mol/L 
aqueous sodium hydroxide solution and then the organic layer was separated. The organic layer was washed with 
a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under 
s reduced pressure to remove the solvent. The residue was purified by a column chromatography (eluent; 

chlorofonm : methanol = 20 : 1 to 10 : 1) and crystallized from 40 mL of dilsopropyl ether to obtain 16.0 g of 1- 
{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol as a solid. 
Melting point: 60-62'C. 

IR(KBr)cm-i : 3095,2944,2769,1 361 , 11 91 ,1 098.81 0.709 
10 NMR(CDCl3)6 values: 1 .61(2H,qn,J=7Hz), 2.45(2H,tJ=7Hz). 2.7-2.9(2H,m), 2.99(2H,t,J=7Hz), 3.45(2H,t, 

J=7Hz), 3.5-3.6(2H,m), 3.66(2H.t.J=7Hz), 4.3-4.4(1 H.m), 7.22(1 H,dd,J=1 ,8Hz), 7.28(1 H,d,J=5Hz). 7.41(1H,d, 
J=5Hz), 7.67(1 H,d,J=1 Hz). 7.79(1 H.d.J=8Hz) 



Example 10 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol hydrochloride 
[0173] 



[01 74] In the same manner as in Example 2, 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxylpropy l}-3-azetidinol hydrochloride 
was obtained as coloriess crystals. 

Melting point: 71-73°C. 
30 IR(KBr)cm-"«: 3301,2937.2809,2631,1125,1099,818, 765,710 

NMR(CDCl3)5 values: 1.8-1 .9(2H,m), 2.98(2H,t,J=7Hz), 2.9-3.1 (2H,m), 3.48(2H,t,J=6Hz). 3.69(2H,t,J=7Hz), 
3.6-4.4(4H,m), 4.5-4.7(1 H.m), 7.22(1 H.dd,J=1,8Hz), 7.31(1H,d,J«5Hz), 7.44(1 H.d,J=6Hz). 7.68(1 H.d,J=1 Hz). 7.81 
(1H,d.J=8Hz) 

35 Example 11 

Production of 1-{3-[2-(1-benzothiophen-4-yl)ethoxy]propyl}-3-azetidinol 

[0175] 

40 




HN 



45 HQ ^ 1!^ 



[0176] In the same manner as in Example 3, 1 -{3-[2-(1 -benzothiophen-4-yl)ethoxy]propyl}-3-azetidinol was obtained 
50 as a colorless oil. 

IR(neat)cm-^ : 3368.2946,2856,1 457,1 1 07,759 

NMR(CDCl3)5 values: 1. 60 (2H, qn. J=7Hz) . 2.44(2H.t,J=7Hz), 2.7.2.9(2H,m), 3.22(2H,t,J=7Hz), 3.45(2H,t, 
J=7Hz), 3.5-3.6(2H.m), 3.70(2H,t,J=7Hz), 4.3-4.5(1 H.m), 7.1 9(1 H,d,J=7Hz), 7.28(1 H,t,J=7Hz). 7.44(1 H,d,J=6Hz), 
7.46(1 H,d,J=6Hz), 7.76(1 H,d.J=7Hz) 
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Example 12 

Production of 143-[2-(1-benzothiophen-4-yl)ethoxy]propyl}-3-azetidlnol hydrochloride 
5 [0177] 



\^ HQ 



[01 78] In the same manner as in Example 4, 1 -{3-[2-(1 -benzothiophen-4-yl)ethoxy]propyl}-3-a2etidinol hydrochloride 

IS was obtained as a light-yellow oil. 

IR(neat)cm-"» : 3302,2966,2877,2594,1 41 2,1 1 08,766 

NMR(CDCl3)5 values: 1.78(2H,qn,J=6Hz), 2.82(2H,t,J=7Hz). 3.21(2H,t,J=6Hz), 3.43(2H,t.J=6Hz), 3.73(2H,t, 
J=6H2). 3.7-3.9(2H,m), 3.8-4.0(2H,m), 4.5-4.7(1 H,m), 7.21(1H,d,J=7Hz). 7.30(1 H,t,J=7Hz). 7.49(2H,s). 7.78(1 H.d, 
J=7Hz) 

20 

Example 13 

Production of 1-{3-[2-(1-benzothiophen-3-yl)ethoxy]propyl}-3-azetldlnol 
25 [0179] 



[0180] In 5 mL of dimethyl sulfoxide was dissolved 1.00 g of 3-t2-(3-chloropropoxy)ethyl]-1-benzothiophene, and 
35 1.10 g of 3-azetidinol trifluoroacetate and 1 .63 g of potassium carbonate were added to the solution, after which the 
resulting mixture was stirred at 70**C for 2 hours. After the reaction mixture was cooled, water and ethyl acetate were 
added thereto and the pH was adjusted to 1 with 8 mol/L hydrochloric acid, and the aqueous layer was separated. 
Ethyl acetate was added to the aqueous layer and the pH was adjusted to 1 0 with a 2 mol/L aqueous sodium hydroxide 
solution, after which the organic layer was separated. The organic layer was washed with water and then a saturated 
40 aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure 
to remove the solvent. The residue was purified by a column chromatography (eluent; chlorofonm : methanol = 30 : 1 
to 10 : 1) to obtain 0.55 g of 1-{3-[2-(1-benzothiophen-3-yl)ethoxy]propyl}-3-azetidinol as a colorless oil. 
IR(neat)cm-'' : 3368,2942,2845,1427.11 91 ,1109,759 

NMR(CDCl3)6 values: 1. 62 (2H, qn, J=7H2) , 2.47(2 H,t.J=7Hz), 2.7-2.9(2H.m). 3.11 (2H.t,J=7Hz), 3.48(2H,t, 
45 J=6Hz). 3.5-3.7(2H.m), 3.74(2H.t,J=7Hz), 4.3-4.5(1 H.m). 7.18(1H,s). 7.33(1 H,dt,J=1,7H2). 7.39(1 H,dt,J=1 ,7Hz). 7.77 
(1 H,dd, J=1 .7Hz). 7.86(1 H.dd.J=1 ,7Hz) 
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Example 14 

Production of 1-{3-[2-{1-benzothiophen-3-yl)ethoxy]propyl}-3-azetidinol hydrochloride 
[0181] 




N^OM 




[01 82] In the same manner as In Example 4, 1 -{3-[2-(1 -benzothiophen-3-yl)ethoxy]propyl}-3-a2etldinol hydrochloride 

was obtained as a light-yeltow oil. 

IR(neat)cm-i : 3284,2966,2596,1 428,1 1 1 2,1 049,765,734 

NMR(CDCl3)5 values: 1 .83(2H,qn,J=6Hz), 2.96(2H,t,J=6Hz), 3.12(2H,t,J=6H2), 3.48{2H,t,J=6Hz), 3.76(2H,t, 
J=6Hz), 3.8-3.9(2H,m). 3.9-4. 1 (2H.m), 4.5-4.7(1 H,m). 7.21 (1 H.s). 7.35(1 H,dt,J=1 ,7Hz), 7.40(1 H,dt.J=1 .7Hz), 7.78(1 H. 
dd.J=1.7Hz), 7.86(1 H. dd.J=1,7Hz) 

Example 15 

Production of N-(1 -{3-[2-(1 -ben20thlophen-5-yl)ethoxy]propyl}-3-azetidlnyl)acetamide 
[0183] 



[0184] In 8 mL of N,N-dimethylformamide was dissolved 0.80 g of 5-[2-(3-chloropropoxy)ethyl]-1-benzothiophene, 
and 1 ,20 g of N-(3-azetidinyi)acetamide was added to the solution, after which the resulting mixture was stirred at 90** C 
for 1 2 hours. After the reaction mixture was cooled, water and ethyl acetate were added thereto and the organic layer 
was separated. The organic layer was washed with water and then a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue 
was purified by a column chromatography (eluent; chloroform : methanol = 7 : 1) to obtain 0.39 g of N-(1 •{3-[2-(1 -ben- 
zothiophen-5-yl)ethoxy]propyl}-3-azetidinyl)acetamide as a light-yellow oil. 
IR(neat)cm-"« : 3276,2941 ,2860,1 654,1 559,1 1 1 1 ,756,703 

NMR(CDCl3)5 values: 1 .59(2H,qn,J=7Hz), 1 .97(3H,s). 2.42(2H,t,J=7Hz), 2.7-2.9(2H,m), 2.98(2H,t J=7Hz), 3.45 
(2H.t,J=7Hz). 3.4-3.6(2H.m). 3.66(2H,t.J=7Hz). 4.4-4.6(1 H.m), 7.22(1 H,dd,J=1 ,8Hz). 7.29(1 H.d.J=5Hz). 7.42(1H,d, 
J=5Hz), 7.67(1 H,d,J=1 Hz), 7.80(1 H,d,J=8Hz) 

Example 16 

Production of 1 -{2-[2-(1 -benzothiophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0185] 

(1) In 7.4 mL of methylene chloride was dissolved 0.74 g of 2-[2-(1-ben2othiophen-6-yl)ethoxy]acetic acid, and 
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1 .36 mL of triethylamlne and 0.22 g of imidazole were added to the solution. Then, the resulting nnixture was cooled 
to 5*>C. after which 0.24 mL of thionyl chloride was added dropwise thereto, followed by stirring at the same tem- 
perature for 1 hour. After the reaction mixture was cooled to -50®C, 0.45 mL of triethylamlne and 0.32 mL of 
S-pyrrolidinol were added thereto, and the resulting mixture was stirred at the same temperature for 1 hour and 
then at room temperature for 1 hour. Water was added to the reaction mixture and the organic layer was separated. 
The organic layer was washed successively with 1 mol/L hydrochloric acid, a 2 mol/L aqueous sodium hydroxide 
solution and a saturated aqueous sodium chloride solution, and then dried over anhydrous magnesium sulfate. 
Subsequently, the solvent was distilled off under reduced pressure to obtain 2-[2-(1-benzothiophen-6-yf)ethoxy]- 
1-(3-hydroxy-1-pyrrolidinyl)-1-ethanone as a light-yellow oil. 
IRCneatjcm-i : 3386,2942, 1 636,1 1 06,758 

(2) The aforesaid 2-[2-(1 -ben2othiophen-6-yl)ethoxy]-1 -(3-hydroxy-1 -pyrrolidinyl)-1 -ethanone was dissolved in 7.4 
mL of tetrahydrofuran, and 7.4 mL of a 1 mol/L solution of a borane-tetrahydrofuran complex in tetrahydrofuran 
was added dropwise thereto under ice-cooling, followed by stirring at room temperature for 1 7 hours. To the reaction 
mixture was added 10 mL of acetone, and stirred for 30 minutes, after which 1 .5 mL of 6 mol/L hydrochloric acid 
was added thereto and the resulting mixture was heated under reflux for 2 hours. After the reaction mixture was 
cooled, water and ethyl acetate were added thereto and the aqueous layer was separated. Ethyl acetate was 
added to the aqueous layer and the plH was adjusted to 9.5 with a 2 mol/L aqueous sodium hydroxide solution, 
after which the organic layer was separated. The organic layer was washed with water and a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to 
remove the solvent. The residue was purified by a column chromatography (eluent; chlorofomn : methanol = 30 : 
1 to 20 : 1) to obtain 0.63 g of 1^2-[2-(1-ben20thiophen-6-yl)ethoxy)ethyl}-3-pyrrolidinol as a yellow oil. 
IR(neat)cm'l : 3386,2940,2867,1 1 1 0,820,756 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H.m), 2.0-2.2(1 H.m), 2.31 (1H,dt,J=7,9Hz). 2.53(1 H,dd,J=5,10Hz), 2,6-2.7 
(3H,m). 2.85(1 H,dt,J=5,9Hz), 3.01(2H,t,J=7Hz). 3.58(2H,t.J=6Hz), 3.71 (2H,t.J=7Hz), 4,2-4.3(1 H,m), 7.23(1 H,d, 
J=8Hz). 7.29(1 H,d,J=5H2), 7.37(1 H,d,J=5Hz). 7.73(1 H,d,J=8Hz), 7.73(1 H,s) 

Example 17 

Production of 1-{2-[2-(1-ben2othiophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 



[0187] In 2.0 mL of ethyl acetate was dissolved 0.48 g of 1 -{2-[2-(1 -benzothiophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol, 
and to the solution was added a solution of 0.15 g of oxalic acid in 2.8 mL of ethyl acetate. 

The resulting mixture was stirred at room temperature for 1 hour and then at 5°C for 1 hour The crystals precipitated 
were collected by filtration, washed with ethyl acetate and then dried to obtain 0,42 g of 1 -{2-[2-(1 -benzothiophen-6-yl) 
ethoxy]ethyl}-3-pyrrolidinol oxalate as colorless crystals. 

lR(KBr)cm-i: 3384,2862.2687,1717,1636,1400,1200, 1114,720 

NMR(DMSO-d6)5 values: 1 .7-1 .8(1H,m), 1.9-2.1(1H,m), 2.96(2H,t,J=7Hz), 3.0-3.2(1 H,m), 3.1-3.4(5H.m), 
3.6-3.8(4H,m). 4,3-4.4(1 H,m). 7.29(1 H,d,J=8Hz), 7.41 (1 H,d,J=5Hz), 7.68(1 H,d,J=5Hz), 7.80(1 H,d,J=8Hz), 7.87(1 H,s) 



[0186] 



S5 
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Example 18 

Production of H2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-pyrTolidlnol 
[0188] 



[0189] In the same manner as in Example 16 (1), 2-[2-(1-benzothiophen-5-yl)ethoxy]-1-(3-hydroxy-1-pyrrolidinyl)- 
1-ethanone was obtained. 

NIVIR(CDCl3)5 values: 1.6-2.2{2H,m), 2.9-4.0(8H,m), 4.0.4.2(2H,m), 4.2-4.6(1 H,m), 7.1-7.4(2H,m). 7.42(1 H.d, 
J=5Hz), 7.69(1 H,s), 7.79(1 H,d.J=8H2) 

[0190] Then, 1 ^2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyI}-3-pyiTolidinol was obtained as a light-yellow oil in the same 
manner as in Example 18 (2). 

IR(neat)cm-'»: 3386,2941.2864,1438.1112,755,702 

NMR(CDCl3)6 values: 1 .5-2.0(1 H.m), 2.0-2 .9(7H,m). 3.00(2H,t,J=7Hz), 3.58(2H.t,J=6Hz), 3.71 (2H,t,J=7Hz), 
4.2-4.4(1 H.m), 7.21(1H.d,J=8Hz). 7.28(1 H,d.J=5Hz), 7.42(1 H.d. J=5Hz), 7.67(1 H.s). 7.79(1 H,d,J=8Hz) 

Example 19 

Production of 1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0191] 




[0192] In the same manner as in Example 1 7, 1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]6thyl}-3-pyrrolidinol oxalate was 
obtained as colorless crystals. 

IR(KBr)cm-l : 3347,2943.2687, 1 71 9, 1 404. 1 1 1 9,720 

NMR(CDCl3)5 values: 1 .7-2.2(2H,m). 2.9-3.8(6H.m), 2.94(2H.t.J=6Hz), 3.68(4H,t,J=6Hz). 4.2-4.5(1 H,m), 7.17 
(1H.d.J=8Hz). 7.26(1 H,d.J=5Hz). 7.42(1 H,d.J=5Hz). 7.62(1 H.s), 7.78(1 H.d.J=8Hz) 

Example 20 

Production off 1-{2-[2-(1-benzothiophen-4-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0193] 



[0194] In the same manner as in Example 16 (1), 2-[2-(1 -benzothiophen-4-yl)ethoxy]-1 -(3-hydroxy-1 -pyrrolidinyl)- 
1 -ethanone was obtained as an oil. 

IR(neat)cm-"« : 3374,2944.1 637.11 07.761 
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[0195] Then, 1 -{2-[2-(1 -benzothlophen-4-yl)ethoxy]ethyl}-3-pyiTollclinol was obtained as a light-yellow oil In the same 
manner as in Example 16 (2). 

lR(neat)cm-"' : 3376,2939,2867,1 452,1 41 3,1 1 1 1 ,760 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H,m), 2.1 -2.2(1 H.m), 2.30(1 H,dt,J=6.9Hz), 2.53(1 H,dd,J=5,10H2), 2.6-2.7(3H, 
m), 2.85(1 H,dt,J=5,9Hz), 3.25(2H,t,J=7Hz), 3.58(2H.t.J=6Hz). 3,75(2H,t.J=7H2). 4,2-4.4(1 H.m). 7.20(1 H,d,J=7Hz), 
7.27(1 H,t,J=7Hz), 7.44(1 H,d.J=6Hz), 7.46(1 H,d,J=6Hz). 7.75(1 H,d,J=7Hz) 

Example 21 

Production of 1-{2-t2-(1-benzothiophen-4-yl)ethoxy]ethyI}-3-pyn'olidinol hydrochloride 
[0196] 




[0197] In 5.0 mL of ethyl acetate was dissolved 0.63 g of 1-{2-[2-(1-benzothiophen-4-yl)ethoxy]ethyl)-3-pyrrolldinol, 
and to the solution was added 0.80 mL of a 3.25 moI/L dried hydrogen chloride-ethyl acetate solution. The resulting 
mixture was stirred at room temperature for 1 hour and then at S^'C for 1 hour, after which the crystals precipitated 
were collected by filtration. The crystals precipitated were washed with ethyl acetate and then dried to obtain 0.43 g 
of 1-{2-[2-(1-benzothiophen-4-yl)ethoxylethyl}-3-pyrrolidinol hydrochloride as colorless crystals. 
IR(KBr)cm-'' : 3229 ,2872,2625, 1 451 , 1 41 3, 1 1 1 9,771 

NMR(DMSO-d6)6 values: 1 .7-2.2(2H,m). 2.9-3.6(6H,m), 3.22(2H,t.J=7Hz). 3.74(4H,t.J=7Hz). 4.3-4,4(1 H.m). 
7.27(1 H,d.J=8Hz), 7.30(1 H,t.J=8Hz). 7.81(1H,d,J=5Hz). 7.77(1 H,d,J=5Hz), 7,86(1 H.d,J=8Hz) 

Example 22 

Production of 1 -{2-[2-{1 -benzothiophen-7-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0198] 



[0199] In the same manner as in Example 16 (1), 2-[2-(1-benzothiophen-7-yl)ethoxy]-1-(3-hydroxy-1-pyrrolldinyi)- 
1-ethanone was obtained as an oil. 

NMR(CDCl3)5 values: 1 .8-2.0(2H,m), 3.1 -3.3(3H,m), 3.3-3.6(3H,m) 3.B-4.0(2H,m), 4.0-4.2(2H.m), 4.3-4.5(1 H, 
m), 7,23(1 H.d.J=7Hz),7.3-7.4(2H,m), 7.4-7.5(1 H,m), 7.6.7.8(1H.m) 

[0200] Then, 1-{2-[2-(1-benzothioph6n-7-yl)ethoxy]ethyl}-3-pyrrolidinol was obtained as a colorless oil in the same 
manneras in Example 1 6 (2). 

IR(neat)cm-'': 3385,2941,2867,1459,1395,1106,795, 754,701 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H,m), 2.1 -2.2(1 H,m), 2.30(1 H,dt.J=7,9Hz), 2.52(1 H,dd,J=5, 10Hz), 2.6-2.7(3H, 
m), 2.85(1 H,dt,J=5.9Hz), 3.1 9(2H,t,J=7Hz), 3.59(2H,t.J=6Hz), 3.84(2H,t.J=7Hz), 4.2-4.4(1 H,m), 7.20(1 H,d.J=:8Hz), 
7.32(1 H.t,J=8Hz). 7.35(1 H,d.J=5Hz,), 7.42(1 H.d,J=5Hz). 7.69(1 H,d,J=8Hz) 
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Example 23 

Production of 142-t2-{1-benzothlophen-7-yl)ethoxy]ethyl}-3-pyrrolidinol hydrochloride 
[0201] 



[0202] in the same manner as in Example 21 , 1-{2-[2-(1-ben20thiophen-7-yl)ethoxy]ethyl}-3-pyrrolidinol hydrochlo- 
ride was obtained as colorless crystals. 

IR(KBr)cm-l : 3283,2938.2706, 1 395, 1 358, 1 1 25,81 0,720 

NMR(DMSO-d6)6 values: 1 .7-2.2(2H,m), 2.8-3.7(6H,m), 3.12(2H,t,J=7Hz), 3.7-3.8(2H,m), 3.B2(2H,t,J=7Hz), 
4.3-4.4(1 H.m). 7.29(1 H.d,J=7Hz). 7.36(1 H,t.J=7Hz). 7.49(1 H,d,J=5Hz). 7.76(1 H,d,J=5Hz), 7.77(1 H.d,J=7Hz) 

Example 24 

Production of 1 -{2-[2-(1 -ben2othiophen-2-yi)ethoxy]ethyl}-3-pyrolidinol 
[0203] 



[0204] In the same manner as in Example 16 (1), 2-[2-(1-ben20thiophen-2-y!)ethoxy]-1-{3-hydroxy-1-pyrrolldinyl)- 
1-ethanone was obtained. 

NMR(CDCl3)5 values: 1 .8-2.0(2H,m), 3.1-3.3(3H.m). 3.3-3.7(3H,m), 3.8-4.0(2H.m). 4.1-4.2(2H.m). 4.2-4.5(1H, 
m). 7.10(1 H,s). 7.2-7.4(2H.m). 7.6-7.7(1 H.m). 7.7-7.8(1 H,m) 

[0205] Then , 1 -{2-[2-(1 -benzothiophen-2-yl)ethoxy]ethyl}-3-pyn'olidinol was obtained as a light-yellow oil in the same 
manner as in Example 16 (2). 

IR(neat)cm-l : 3396,2939,1 468,1 438,1 1 1 3,747,727 

NMR(CDCl3)5 values: 1 .6-1 .8{1H,m), 2. 1-2.2(1 H.m). 2.34(1 H.dt.J=6.9Hz). 2.55(1 H,dd,J=5. 10Hz), 2.6-2.8(3H, 
m), 2.85(1 H.dt.J=6.9Hz). 3.18(2H.dt,J=1 ,7Hz), 3.62(2H.t,J=6Hz). 3.77(2H,t,J=:7Hz), 4.2-4.4(1 H,m), 7.07{1H,s), 7.26 
(1H,dtJ=1.8Hz). 7.31(1H,dt,J=1.8H2), 7.67(1 H,dd,J=1 .8Hz), 7.76(1 H,dd.J=1 .8Hz) 

Example 25 

Production of 1-{2-[2-(1-benzothiophen-2-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0208] 




[0207] In the same manner as in Example 1 7, 1 -{2-[2-(1 -benzothiophen-2-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate was 
obtained as colorless crystals. 
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IR(KBr)cm-'»: 3432,2871,1716,1436,1127.827,760,706 

NMR(DMSO-d6)5 values: 1.7-1. 8(1 H.m). 1 .9-2.2(1 H,m), 3.0.3.4(8H,m). 3.73(4H.t,J=6H2). 4.2-4.4(1 H,m). 7.23 
(1H,s), 7.28(1 H,t.J=7H2), 7.33(1 H,tJ=7Hz). 7.74(1 H,d,J=7H2), 7.87(1 H,d,J=7Hz) 

Example 26 

Production of 1 -{2-[2-(1 -ben2othiophen-3-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0208] 

8 



[0209] In the same manner as In Example 16 (1), 2-[2-(1-benzothiophen-3-yl)ethoxy]-1-(3-hydroxy-1-pyrrolidinyl)- 
1-ethanone was obtained as an oil. 

NMR(CDCl3)5 values: 1 .8-1. 9(1 H.m). 1 .9-2.0(1 H.m). 3.1-3.6(6H,m), 3.8-4.0(2H.m). 4.09(1 H.s). 4.13(1 H,s). 
4.3-4,5(1 H.m), 7.26(1 H,s). 7.3-7.4(2H.m), 7.77(1 H,d,J=8H2), 7.85(1 H,d,J=8Hz) 

[021 0] Then , 1 -{2-[2-(1 -ben2othlophen-3-yl)ethoxy]ethyl}-3-pyn-olidinol was obtained as a light-yellow oil in the same 
manner as in Example 16 (2). 

IR(noat)cm-'«: 3388,2934.1426,1112,761 ,733 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H,m), 2.1-2.2 (IH.m), 2.33(1 H,dt,J=6,9H2). 2.56(1 H,dd,J=5,1 OHz), 2.6-2.8(3H, 
m), 2.87(1 H,dt,J=5,9Hz), 3.14(2H,dt,J=1 ,7Hz), 3.61(2H,t,J=6H2), 3.80(2H.t,J=7H2), 4.3-4.4(1 H,m), 7.20(1H,s), 7.34 
(1H,dt,J=1 ,7Hz), 7.38(1 H,dt,J=1 .7Hz), 7.77(1 H.dd,J=1 .THz), 7.85(1 H,dd.J=1 ,7Hz) 

Example 27 

Production of 1-{2-[2-(1-benzothiophen-3-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0211] 





[0212] In the same manner as in Example 1 7, 1 -{2-[2-(1 -benzothiophen-3-yl)ethoxy]ethyl}-3-pyrrolldinol oxalate was 
obtained as colorless crystals. 

IR(KBr)cm-"': 3363.2922.2691.1718,1636,1427,1404, 1119,767.721 

NMR(DMSO-d6)6 values: 1 .7-1 .8(1 H,m), 2.0-2.2(1 H,m), 3.10(2H,t,J=7Hz), 3.1-3.4(6H,m), 3.72(2H,t,J=5Hz), 
3.78(2H.t,J=7Hz), 4.3-4.4(1 H,m). 7.37(1 H,t.J=8Hz). 7.42(1 H,t.J=8Hz), 7.51(1 H.s), 7.85(1 H.d,J=8 Hz), 7.98(1 H.d, 
J=8Hz) 

Example 28 

Production of 1-{2-[2-(1-naphthyl)ethoxy]-ethyl}-3-pyrrolldinol 
[0213] 



OH 
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[0214] In the same manner as in Example 16 (1), 2-[2-(1-naphthyl)ethoxy]-1-(3-hydroxy-1-pyiTOlidinyr)-1-ethanone 
was obtained as a yellow oil. 

IR(neat)cm-i: 3392.2946,1645,1133,800.779 
[0215] Then. 1-{2-[2-(1-naphthyl)etho)cy]ethyl}-3-pyrrolidinol was obtained as a light-yellow oil In the same manner 
as in Example 16 (2). 

IR(neat)cm-^: 3395,2944.1107,778 

NMR(CDCl3)5 values: 1 .5-1 .9(1 H,m), 2.0-2.5(3H.m). 2.5-3.0(4H,m), 3.37(2H,t,J=7H2). 3.59(2H,t,J=6Hz), 3.80 
(2H,t.J=7Hz). 4.2-4.4(1 H,m). 7.4-7. 6(4H.m). 7.6-8.0(2H,m), 8.0-8.2(1 H.m) 

Example 29 

Production of 1-{2-[2-(1-naphthyl)ethoxy]-ethyl}-3-pyrrolidlnol oxalate 
[0216] 




[0217] In the same manner as in Example 17, 1-{2-[2-(1-naphthyl)ethoxy]ethyl}-3-pyn'olidinol oxalate was obtained 

as colorless crystals. 

IR(KBr)cm-'»: 3366,1400,1116,780,720 

NI\/IR(DMSO-d6)5 values: 1 .6-2.3(2H.m). 2.7-3.5(8H.m), 3.5-3.9(4H,m). 4.2-4.5(1 H,m), 7.4-7.6(4H.m), 7.7-8.0 
(2H.m). 8.0-8.2(1 H.m) 

Example 30 

Production of (3S)-1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0218] 



[0219] In the same manner as in Example 16 (1). 2-[2-(1-benzothlophen-5-yl)ethoxy]-1-[(3S)-3-hydroxy-1-pyrrolldi- 
nyl]-1-ethanone was obtained as a light-yellow oil. 

[0220] Then. (3S)-1 -{2-[2-(1 -ben2othiophen-5-yl)ethoxy]ethyl}-3-pyrrolldinol was obtained as a light-yellow oil in the 
same manner as in Example 1 6 (2). 

IR(neat)cm-l : 3386,2936.2867,1 438,1 1 1 1 ,755,702 

NMR(CDCl3)5 values: 1. 5-2.0(1 H,m). 2.0-3. 0(5H,m), 2.66(2H,t,J=6Hz). 3.00(2H,t,J=7Hz), 3.58(2H.t,J=6Hz), 
3.71(2H,t.J=7H2), 4.2-4.4(1 H.m), 7.21 (1H,d.J=8Hz). 7.28(1 H,d,t=5Hz), 7.42(1 H.d.J=5Hz). 7.67(1H,s), 7.79{1H,d, 
J=8H2) 
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Example 31 

Production of (3S)-1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-pyrrolldinol oxalate 
[0221] 



(CO,H), 

[0222] In the same manner as in Example 1 7, (3S)-1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3-pyrrolidlnol oxalate 
was obtained as colorless crystals. 

IR(KBr)cm-'': 3366,2941 ,2867,2686,1718,1701,1404, 1114,720 

NMR(DMSO-d6)5 values: 1 .5-2.2(2H.m). 2.8-3.5(8H,m), 3.70(4H,t,J=6H2), 4.2-4.5(1 H.m), 7.28(1 H,d,J=8Hz). 
7.40(1 H,d,J=5Hz). 7.73(1 H.d.J=5Hz), 7.76(1 H.s). 7.91 (1H.d.J=8Hz) 

Example 32 

Production of (3R)-1 -{2-[2-(1 -benzothlophen-5-yl)ethoxy]ethyl}-3-pyrrolldlnol 
[0223] 



OH 



[0224] In the same manner as in Example 16(1), 2-[2-(1 -benzothiophen-5-yl)ethoxyl-1 -[(3R)-3-hydroxy-1 -pyrrolidi- 
nyl]-1 -ethanone was obtained as colorless crystals. 

IR(KBr)cm-'«: 3408,2937.1637,1137,1108.812,703 
[0225] Then, (3R)-1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3-pyrrolidinol was obtained as a light-yellow oil in the 
same manner as in Example 1 6 (2). 

!R(neat)cm-'': 3373,2940,1438,1111,755,702 

NMR(CDCl3)5 values: 1 .5-2.0(1 H,m), 2.0-3.0(5H.m). 2.68(2H,t,J=6Hz). 3.01(2H,t,J=7H2), 3.59(2H,t,J=6Hz). 
3.71(2H,t,J=7Hz). il.2-4.4(1H,m), 7.21 (1H,d,J=8Hz), 7.28(1 H,d,J=5Hz). 7.42(1 H,d,J=5Hz). 7.67(1 H,s). 7.79(1 H,d, 
J=8Hz) I 

i 

Example 33 

Production of (3R)-1-{2-[2-(1-benzothiophen-5-yl)ethoxylethyl}-3-pyrrolldinol oxalate 
[0226] 



[0227] In the same manner as In Example 17, (3R)-1-{2-[2-(1 -benzothlophen-5-yl)ethoxy]ethyl}-3-pyrrolldinol oxalate 
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was obtained as colorless crystals. 

IR(KBr)cm-'»: 3318,2870.1718,1114,720 

NMR(DMSO-d6)6 values: 1 .5-2.2{2H,m). 2.8-3;5(8H,m), 3.70(4H,t,J=6H2), 4.2-4.5(1 H,m), 7.28(1 H.d.J=8Hz). 
7.40(1 H,d.J=5Hz), 7.73(1 H.d.J=5H2). 7.76(1 H.s). 7.91 (1H.d,J=8Hz) 

Example 34 

Production of (3S)-1 -{2-[2-(1 -benzothlophen-6-yl)ethoxy]ethyl}-3-pyrrolldinol 
[0228] 



[0229] In the same manner as In Example 16 (1), 2-[2-(1-ben2othlophen-6-yl)ethoxy]-1-[(3S)-3-hydroxy-1-pyn'olidi- 
nyih1>ethanone was obtained as a colorless oil. 

IR(neat)cm-i : 3385,2944, 1 637,1 1 33,820,699 
[0230] Then, (3S)-1-{2-[2-(1-benzothiophen-6-yl)ethoxy]ethyl)-3-pyrrolidlnol was obtained as a colorless oil In the 
same manner as in Example 1 6 (2). 

IR(neat)cm-'« : 3385,2940,2867,1 1 1 0,820,757 

NMR(CDCl3)5 values: 1 .6-1 .8(1H,m), 2.1-2.2(1 H,m), 2.32(1 H,dt,J=6,9Hz), 2.54(1 H,dd,J=5,10Hz), 2.6-2.7(3H, 
m), 2.85(1 H.dt,J=5,9Hz), 3.01(2H,t,J=7Hz). 3.58(2H,t,J=6Hz), 3.71 (2H.t,J=7Hz). 4.2-4.3(1 H,m), 7.23(1 H,d.J=:8Hz), 
7.29(1 H,d.J=5Hz). 7.37(1 H.d,J=5Hz). 7.73(1 H.d,J=8Hz). 7.74(1H.s) 

Example 35 

Production of (3S)-1-{2-[2-(1-benzothlophen-6-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0231] 




[0232] In the same manner as in Example 1 7, (3S)-1 -{2-[2-(1 -benzothiophen-6-yl)ethoxy]ethyl}-3-pyrrolidlnol oxalate 
was obtained as colorless crystals. 

IR(KBr)cm-i : 3364,2938,2692, 1 71 8. 1 400, 1 201 , 1 1 1 4.720 

NMR(DMSO-d6)5 values: 1 .7-1.8(1H,m), 1 .9-2.1 (1H,m), 2.96(2H,t,J=7Hz) 3.0-3.1(1 H,m). 3.1-3.3(5H,m), 3.70 
(4H,t,J=7HZ),4.2-4.3(1H,m). 7.29(1 H,d,J=8Hz), 7.41(1 H.d.J=5Hz). 7.68(1 H,d,J=5Hz). 7.80(1 H,d,J=8Hz), 7.87(1 H,s) 
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Example 36 

Production of (3R)-1 -{2-[2-(1 -benzothiophen-6-yl)ethoxy]ethyl}-3-pyrrolldlnol 
[0233] 



HO 

[0234] In the same manner as In Example 1 6 (1), 2-[2-(1 -benzothiophen-6-yl)ethoxy]-H(3R)-3-hydroxy-1 -pyrrolidi- 
nyl]-1-ethanone was obtained as an oil. 

IR(neat)cm-'> : 3386,2940,1 637,11 07,820,758 
[0235] Then, (3R)-1-{2-[2-(1*benzothiophen-6-yl)ethoxy]ethyt}-3>pyrrolidinol was obtained as a colorless oil In the 
same manner as in Example 16 (2). 

IR(neat)cm-'' : 3385,2940.2867, 111 0,820.757 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H,m). 2.1 -2.2(1 H.m). 2.32(1 H,dt,J=6.9Hz), 2.54(1 H,dd,J=5, 10Hz), 2.6-2.7(3H, 
m), 2.85(1 H,dt,J=5,9Hz), 3.01(2H,t.J=7Hz), 3.58(2H,t,J=6Hz), 3.71 (2H,t,J=7Hz). 4.2-4.3(1 H,m), 7.23(1 H,d.J=8Hz). 
7.29(1 H,d,J=5Hz), 7.37(1 H,d,J=5Hz), 7.73(1 H.d,J=8Hz), 7.74(1 H.s) 

Example 37 

Production of (3R)-1-{2-[2-(1-benzothiophen-6-yl)ethoxy]ethyl}-3-pyrrolldlnol oxalate 
[0236] 




[0237] in the same manner as in Example 1 7, (3 R)-1 -{2-[2-(1 -benzothiophen-6-yl)ethoxy]ethyl}-3-pyn'olidinol oxalate 
was obtained as colorless crystals. 

IR(KBr)cm-'' : 3364,2938,2688, 1718,1 400, 1 201 , 1 1 1 4,720 

NMR(DMSO-d6)5 values: 1 .7-1 .8(1 H,m), 1 .9-2.1 (1 H,m), 2.96(2H,t,J=7Hz), 3.0-3.1(1 H,m), 3.1 -3.3(5H,m), 3,70 
(4H,t,J=7Hz).4.2-4.3(1H.m), 7.29(1 H.d,J=8Hz), 7.41(1 H,d,J=5Hz), 7.68(1 H,d,J=5Hz), 7.80(1 H,d.J=8Hz), 7.87(1H,s) 

Example 38 | 

Production of (3R)-l!-{2-[2-(1 -benzothiophen-3-yl)ethoxy]ethyl}-3-pyrrolidlnol 
[0238] 



[0239] In the same manner as in Example 16(1), 2-[2-{1 -benzothiophen-3-yl)ethoxy]-1 -[(3R)-3-hydroxy-1 -pyrrolidi- 
nyl]-1-ethanone was obtained. 

NMR(CDCl3)5 values: 1 .8-1 .9(1H,m), 1 .9-2.0(1 H,m), 3.1-3.4(3H,m). 3.3-3.7(3H.m), 3.8-4.0(2H,m), 4.0-4.2(2H, 
m). 4.3-4.5(1 H,m), 7.27(1/2H.s). 7.28(1/2H.s). 7.3-7.5(2H,m), 7.7-7.8(1 H,m), 7.8-7.9(1 H.m) 
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[0240] Then, (3R)-1 -{2-[2-(1 'benzothiophen-3-yt)ethoxy]ethyl}-3-pyrroiidinol was obtained as ayeliow oil in the same 
nnanner as in Example 1 6 (2). 

IR(neat)cm-i: 3386,2942,1458,1429,1113,759,733 

NIVIR(CDCl3)5 values: 1 .6-1 .8(1H,m). 2.1-2.2(1 H,m). 2,34(1 H.dt.J=6.9Hz), 2.55(1 H,dd,J=5.10H2), 2.6-2.8(3H, 
m), 2.85(1 H.dt,J=5.9Hz), 3.14(2H,t,J=7H2). 3.61 (2H.t.J=6Hz). 3.80(2H.t.J=7Hz), 4.2-4,4(1 H.m). 751(1H,S). 7.34(1H. 
dt,J=1 ,7Hz). 7.38(1 H.dt,J=1,7Hz), 7.76(1 H.dd.J=1 .7Hz). 7.85(1 H,dd.J=1.7Hz) 

Example 39 

Production of (3R)-1-{2-[2-(1'benzothiophen-3-yl)ethoxy]ethyl}-3-pyrrolidinol hydrochloride 
[0241] 




[0242] In 5.0 mL of ethyl acetate was dissolved 0.99 g of (3R)-1 -{2-[2-(1 -benzothiophen-3-yl)ethoxy]ethyl}-3-pyrro- 
lidinol, and to the solution was added 1.10 mL of a 3.25 moi/L dried hydrogen chloride-ethyl acetate solution, after 
which the resulting mixture was stirred at room temperature for 1 hour. Then, the solvent was distilled off under reduced 
pressure to obtain 1.05 g of (3R)-1-{2-[2-(1-benzothiophen-3-yl)ethoxy]ethyI]-3-pyrrolidinol hydrochloride as a light- 
yellow oil. 

IR(neat)cm-'' : 3368,2946, 1 560,1 430,1 1 21 ,765,734 

NMR(CDCl3)5 values: 1 .9-2.1 (1H,m). 2.1-2.3(1H,m). 2.8-3.0(2H,m), 3.1-3.2(4H.m). 3.29(1 H.d.J=12Hz). 3.3-3.5 
(1 H.m), 3.8-3.9(4H,m), 4.3-4.4(1 H,m), 7.24(1 H.s). 7.35(1 H,t.J=8Hz), 7.40(1 H,t,J=8H2). 7.76(1 H.d.J=8Hz). 7.86(1 H.d, 
J=8HZ) 

Example 40 

Production of 1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-4-piperidinol 
[0243] 



[0244] In the same manner as in Example 16 (1). 2-[2-(1-benzothlophen-5-yl)ethoxy]-1-(4-hydroxy-1-piperidlnyl)- 
1-ethanone was obtained as an oil. 

[0245] Then, 1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-4-piperidinol was obtained as a yellow oil in the same man- 
ner as in Example 1 6 (2). 

IR(neat)cm-i : 3386.2939, 1 1 1 0, 1 071 ,754,70 1 

NMR(CDCl3)5 values: 1 .5-2.3(6H.m), 2.6-3.0(2H.m), 2.56(2H,t,J=6H2). 3.00(2H,t,J=7Hz), 3.5-3.9(1 H,m), 3.58 
(2H,t,J=6H2), 3.70(2H,t,J=7Hz), 7.19(1 H,d,J=8Hz), 7.27(1 H,d,J=5Hz), 7.41 (1H,d.J=5Hz), 7.65(1H,s), 7.78(1H,d, 
J=8Hz) 
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Example 41 

Production of 1-{2-[2-(1-ben2othiophen-5-yl)ethoxy]ethyl}-4-piperidinol hydrochloride 
[0246] 



[0247] In the same manner as in Example 21 . 1 -{2-[2-(1-ben2othiophen-5-yl)ethoxy]ethyl}-4-piperidinol hydrochlo- 
ride was obtained as light-brown crystals. 

IR(KBr)cm-1: 331 2,2946,2691 ,1457,1 1 24,1 043,769,71 2 

NMR(CDCl3)5 values: 1 .5-2.5(4H,m), 2.8-3.2(6H,m), 2.99(2H,t,J=6Hz). 3.76{2H,t,J=6H2). 3.8-4.2(3H,m), 7.19 
(1H,d,J=8Hz), 7.30(1 H,d.J=5Hz), 7.44(1 H,d,J=5Hz), 7.67(1 H,s), 7,80(1 H,d,J=8Hz) 

Example 42 

Production of 1 -{2-[2-(1 -b6nzothiophen-5-yl)ethoxy]ethyl}-3-piperidinol 
[0248] 

[0249] In the same manner as in Example 16 (1), 2-[2-(1-benzothiophen-5-yl)ethoxy]-1-(3-hydroxy-1-piperidinyl)- 
1-ethanone was obtained as a yellow oil. 

lR(neat)cm-'« : 3408,2938,1 637,11 14,704 
[0250] Then , 1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3-piperidinol was obtained as a yellow oil in the same man- 
ner as in Example 1 6 (2). 

IR(neat)cm-"' : 3387,2937, 1 438. 1 1 09,703 

NMR(CDCl3)6 values: 1 .4.2.0(4H,m), 2.0-2 .7(6H,m), 2.57(2H,t,J=6Hz), 3.00(2H,t,J=7Hz), 3.56(2H,t,J=6H2), 
3,6-3.9(1 H,m), 3.70(2H,t,J=7Hz), 7.20(1 H,d,J=8Hz), 7.28(1 H,dJ=5H2), 7.42(1 H,d,J=5Hz), 7.66(1 H,s), 7.79(1 H,d, 
J=8H2) I 

Example 43 j 

I 

I 

Production of l-{2-t2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3-piperidinol hydrochloride 



[0251] 



[0252] In the same manner as in Example 21, 1-{2-[2-(1-benzothlophen-5-yl)ethoxy]ethyi}-3-piperidinol hydrochlo- 
ride was obtained as coloriess crystals. 

I R(KBr)cm-'> : 3260 ,2949.2638, 1 433, 1 1 29, 1 045,702 , 668 

NMR(CDCi3)6 values: 1.5-2.0(4H,m),2.1-2.8(2H.m),2.99(2H,t.J=6Hz).3.1-3.6(4H,m),3.76(2H,t,J=6Hz), 3.8-4.1 
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(3H,m). 7.20(1 H,d.J=8H2), 7.30(1 H,cl,J=5Hz). 7.44(1 H,d,J=5Hz). 7.67(1 H,s).7.80(1H,d.J=8H2) 
Example 44 

5 Production of 1 42-[2-(1 -benzofuran-5-yl)etho)cy]ethyl}-4i3iperidinol 
[0253] 



'5 [0254] In the same manner as In Example 16 (1), 2-[2-(1-ben2ofuran-5-yl)ethoxy]-1-(4-hydroxy-1-piperidinyl)-1-eth- 
anone was obtained. 

IR(neat)cm-'*: 3406,2931 .1636,1110.771 ,740 
[0255] Then , 1 •(2-[2-(1 -benzof uran-5-yl)ethoxy]ethyl}-4-pipendinoI was obtained as a colorless oil In the same man- 
ner as In Example 16 (2). 
20 IR(neat)cm-'': 3359,2939,1468,1111,1073,882,768,739 

NMR(CDC!3)5 values: 1.5-2.3(6H,m), 2.5-3,0(2H,m). 2.57(2H.t,J=6H2), 2.97(2H,t,J=7Hz), 3.5-3.8(1 H,m), 3.58 
(2H,t,J=6Hz), 3.68(2H,t,J=7H2), 6.71(1H,dd,J=1 ,2Hz). 7.13(1H.dd,J=2,8Hz). 7.40(1 H.d,J=8Hz). 7.42(1 H,dd,J=1 ,2), 
7.55(1 H,d,J=2Hz) 

25 Example 45 

Production of 1-{2-[2-(1-benzofuran-6-yl)ethoxy]ethyl}-4-piperidinol hydrochloride 
[0256] 

30 



[0257] In the same manner as In Example 21, 1 -{2-[2-(1 -benzofuran-5-yl)ethoxy]ethyl}-4-piperidlnol hydrochloride 
was obtained as a light-yellow oil. 

IR(neat)cm-'> : 3366,2938,2638,1458,1126,776,742 
40 NMR{CDCl3)5 values: 1 .6-2.4(4H,m), 2.8-3.2(8H,m). 3.71(2H,t,J=5Hz), 3.7-4.1 (3H,m), 6.72(1 H,dd,J=1,2Hz), 

7.12(1H,dd,J=2,8Hz), 7.44(1 H,d.J=8Hz), 7.42(1 H,dd,J=1 .2), 7.60(1 H,d,J=2Hz) 

Example 46 

45 Production of 1-{2-[2-(1-benzofuran-5-yl)ethoxy]6thyl}-3-pyrrolidinol 
[0258] 



50 



55 (1 ) in 13.0 mL of tetrahydrofuran was dissolved 1 .28 g of 2-[2-(1-benzofuran-5-yl)ethoxy]acetic acid and the so- 

lution was cooled to S^'C, after which 1 .41 g of 1 ,1 '-carbonyldi imidazole was added thereto and the resulting mixture 
was stirred at room temperature for 2 hours. To the reaction mixture were added 1 .22 mL of triethylamine and 0.72 
mL of 3-pyrrolldinol, followed by stirring at room temperature for 2 hours. Water and ethyl acetate were added to 
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the reaction mixture and the pH was adjusted to 1 with 6 mol/L hydrochloric acid, after which the organic layer was 
separated. The organic layer was washed with a saturated aqueous sodium hydrogencarfoonate solution and then 
a saturated aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure to obtain 1 .39 g of 2-[2-(1 -benzofuran-5-yl)ethoxy]-1 -(3-hydroxy-1 -pyrro- 
5 lldinyl)-1 -ethanone as a coloriess oil. 

IR(neat)cm-^: 3398,2943.1637.1467.1128,1030,771 ,741 

(2) In 1 4.0 mL of telrahydrofuran was dissolved 1 .39 g of 2-[2-(1 -benzofuran-6-yl)ethoxy]-1 -{3-hydroxy-1 -pyrrolid- 
inyl)-1 -ethanone, and 14.4 mL of a 1 mol/L solution of a borane-tetrahydrofuran complex in tetrahydrofuran was 

^0 added dropwlse thereto under ice-cooling, after which the resulting mixture was stin'ed at room temperature for 

17 hours. To the reaction mixture was added 8.0 mL of 6 mol/L hydrochloric acid, and the resulting mixture was 
heated under reflux for 1 hour. After the reaction mixture was cooled, water and ethyl acetate were added thereto 
and the pH was adjusted to 10 with a 2 mol/L aqueous sodium hydroxide solution, and then the organic layer was 
separated. The organic layer was washed with water and then a saturated aqueous sodium chloride solution, dried 

15 over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue 

was purified by a column chromatography (eluent; chloroform : methanol = 30 : 1 to 10 : 1) to obtain 0.96 g of 1• 
{2-[2-(1-benzofuran-5-yl)ethoxy]ethyl}-3-pyr^olidinol as a coloriess oil. 
IRCneatjcm-l: 3386,2941.1468,1261,1110,1030,882. 769.738 

NMR(CDCl3)5 values: 1 .5-2.0(1 H.m), 1 .9-3.0(5H,m), 2.68{2H.t. J=6H2), 2.98(2H.t, J=7H2), 3.58(2H,t.J=6Hz), 
20 3.70(2H,t.J=7Hz). 4.2-4.4(1 H,m). 6.71 (1H,dd.J=1.2Hz). 7.14(1H.d,J=8H2). 7.42(1 H.d.J=8Hz). 7.4-7.5(1 H.m). 

7.59(1 H,d,J=2Hz) 

Example 47 

25 Production of 1-{2-[2-(1-benzofuran-6-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0259] 




35 

[0260] In the same manner as In Example 17, 1-{2-[2-(1-benzofuran-5-yl)ethoxy]ethyl}-3-pyrrolldinol oxalate was 
obtained as coloriess crystals. 

IR(KBr)cm-'' : 341 8 :2945.2698, 1 71 5, 1 1 97, 1 1 1 1 . 720 

NMR(DMSO-d6)6 values: 1 .6-2.3(2H,m), 2.92(2H,t,J=7Hz), 3.0-3.5(6H,m), 3.5-3.8(4H,m), 4.2-4.5(1 H.m), 6.89 
40 (1H,dd,J=1.2Hz), 7jl9(1H,dd.J=1,8Hz), 7.60(1 H,d,J=8Hz), 7.6-7,6(1 H.m), 7.94(1 H,d,J=2Hz) 

Example 48 I 

1 

Production of (3R*,4R*)-1 -{2-[2-(1 -b6nzothiophen-5-yl)ethoxy]ethyl}-3,4-pyrrolidinediol 

45 

[0261] 



[0262] In the same manner as in Example 46 (1), 2-[2-(1-benzothiophen-5-yl)ethoxy]-1-[(3R*,4R*)-3,4-dihydroxy- 
55 1-pyrrolidinyl]-1 -ethanone was obtained as a yellow oil. 

tR(neat)cm-'': 3370,2935,2874,1636,1131,756,701 
[0263] Then, (3R*,4R*)-1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl}-3,4-pyn*olidinediol was obtained as a yellow oil 
in the same manner as in Example 46 (2). 
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IR(neat)cm'i : 3386,2938,2866,1 438.1 1 1 3.756,703 

NMR(CDCl3)5 values: 2.5-3.0{6H.m). 3.00(2H.t,J=7Hz), 3.2-3.7(1 H.m), 3.56(2H.t,J=6Hz). 3.71(2H,t,J=7Hz). 
3.9-4.4(2H.m). 7.20(1 H,d,J=8Hz). 7.28(1 H.d.J=5Hz), 7.43(1 H.d.J=5Hz), 7.66(1 H.s), 7.80(1 H.d.J=8Hz) 

Example 49 

Production of (3R*,4R*)-1 -{2-[2-(1-benzothiophen-6-yl)ethoxy]ethyl)-3,4-pyrrolidinediol oxalate 
[0264] 



[0265] In the same manner as In Example 1 7, (3R*,4R*)-1 42-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3,4-pyn'olidln- 
ediol oxalate was obtained as colorless crystals. 

IR(KBr)cm-'' : 3309,2929, 1 71 8. 1 61 7, 11 99.11 04.702 

NMR(DMSO-d6)6 values: 2.8-3.2(6H,m), 3.2-3.8(6H,m). 4.1-4.4(2H,m), 7.26(1 H,d.J=8H2), 7.39(1 H,d,J=5Hz), 
7.72(1 H,d.J=5Hz). 7.75(1 H.s), 7.90(1 H.d.J=8H2) 

Example 50 

Production of 1 42-[2-(5-methoxy-1 -benzofuran-6-yl)ethoxy]ethyl}-3-pyrrolidinol 
[0266] 



[0267] In the same manner as in Example 46 (1 ), 2-[2-(5-methoxy-1 -benzofuran-6-yl)ethoxy]-1 -(3-hydroxy-1 -pyrro- 
lidlnyl)-1-ethanone was obtained as a colorless oil. 

IR(neat)cm-'': 3394,2941,1637,1465,1197,1131,1015, 841,759 
[0268] Then , 1 -{2-[2-(5-methoxy-1 -benzof uran-6-yl)ethoxy]ethyl}-3>pyrrolidinol was obtained as a colorless oil in the 
same manner as in Example 46 (2). 

IR(neat)cm-'' : 3386,2940, 1 466,1 430,1 1 98,1 1 31 ,1 01 5, 837,762 

NMR(CDCl3)6 values: 1 .5-2.4(3H.m), 2.6-3.0(5H,m). 2.99(2H,t,J=7Hz). 3.59(2H,t,J=6Hz), 3.67(2H,t.J=7Hz), 
3.85(3H.S),4.2-4.4{1H.m), 6.68(1 H.d.J=2Hz), 6.99(1 H.s), 7.34(1 H.s), 7.54(1 H.d,J=2Hz) 

Example 51 

Production of 1-{2-[2-(5-methoxy-1-benzofuran-6-yl)ethoxy]ethyl}-3-pyrrolidinol oxalate 
[0269] 
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[0270] In the same manner as in Example 17, 1-{2-[2-(5-methoxy-1-benzofuran-6-yl)ethoxy]ethyl}-3-pynrolidinol 
oxalate was obtained as colorless crystals. 

IR(KBr)cm-'': 3396,2942.2691,1718,1636.1465,1198. 1130,720 

NMR(DMSO-d6)6 values: 1 .7-2.3(2H.m), 2.8-3.6(6H,m). 2.91(2H,t.J=6Hz). 3.5-3.9(4H,m). 3.83(3H.s). 4.2-4.5 
(1H,m), 6.86(1 H.d,J=2Hz). 7.17(1H.s), 7.43(1H,s), 7.88(1 H.d,J=2H2) 

Example 52 

Production of 1-{2-[2-(6-methoxy-1 -benzofuran-5-yl)ethoxy]ethyl]-3-pyrrolidinpl 
[0271] 



OH 



>^tl**V^C>^CO^ „0H P OH , 



[0272] In the same manner as in Example 46 (1). 2-[2-(6-methoxy-1-benzofuran-5-yl)ethoxy]-1-(3-hydroxy-1-pyrro- 
lidinyl)-1-ethanone was obtained as a colorless oil. 

IR(neat)cm-"»: 3381,2944,1638.1475,1201,1125, 1011,758 
[0273] Then , 1 -{2-[2-(6-methoxy-1 -benzof uran-5-yl)ethoxy]ethyl)-3-pyrrolidinol was obtained as a colorless oil in the 
same manner as in Example 46 (2). 

IR(neat)cm-'»: 3398,2938,1475,1202,1094,757,730 

NMR(CDCl3)5 values: 1 .5-2.4(3H,m). 2.5-3.0(5H,m), 2.98(2H,t,J=7Hz), 3.59(2H,t,J=6Hz). 3.88(2H,t.J=7Hz), 
3.86(3H.s),4.2-4.4(1H.m). 6.65(1 H.d.J=2Hz). 7.00(1 H,s). 7.35(1 H.s), 7.50(1 H,d,J=2Hz) 

Example 53 

Production of 1-{2-[2-(6-methoxy-1-benzofuran-5-yl)ethoxy]ethyl}-3-pyrroIidinol hydrochloride 
[0274] 

OH .OH 



1 

[0275] In the same manner as In Example 21 , 1 -{2-[2-(6-methoxy-1-benzofuran-5-yl)ethoxy]ethy!}-3-pyrrolidinol hy- 
drochloride was obtained as a colorless oil. 

IR(neat)cm-V 3377.2938,2694,1475,1202,1124, 1093,1011 

NMR(CDCl3)5 values: 1 .7-25{2H,m), 2.8-3.6(6H,m). 2.96(2H,t.J=6Hz), 3.5-4.2(4H.m), 3.86(3H,s), 4.3-4.6(1 H, 
m), 6.6-6.7(1 H.m), 7.01 (1H,s), 7.34(1 H,d.J=:1 Hz), 7.51 (1H,d,J=2Hz) 
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Example 54 

Production of 1-{2-[2-(1-ben20thiophen-5-yl)ethoxylethyl}-3-pyiToliclinamine 
5 [0276] 



10 



40 



45 
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(1 ) In 1 0.0 mL of tetrahydrofuran was dissolved 1 .00 g of 2-[2-(1-benzothiophen-5-yl)ethoxy)acetic acid, and the 
15 solution was cooled to 5*0, after which 1 .03 g of 1 ,1'-carbonyldlimida2ole was added thereto and the resulting 

mixture was stirred at room temperature for 1 hour After the reaction mixture was cooled to S^C, 0.88 mL of 
triethylamine and 1.18 g of tert-butyl^S-pyn-olidinyicarbamate were added thereto, followed by stirring at room 
temperature for 1 hour. Water and ethyl acetate were added to the reaction mixture and the pH was adjusted to 4 
with 6 mol/L hydrochloric acid, after which the organic layer was separated. The organic layer was washed with a 
20 saturated aqueous sodium hydrogencarbonate solution and then a saturated aqueous sodium chloride solution, 

and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 
2.00 g of tert-butyl=H2-[2-(1-benzothiophen-5-yl)ethoxy]acetyl}-3-pyrrolidinylcarbamate as a light-yellow oil. 

(2) In 2.0 mL of tetrahydrofuran was dissolved 2.00 g of the aforesaid tert-butyl=1-{2-[2-(1-benzothiophen-5-yl) 
ethoxy]acetyl}-3-pyrrolidlnylcarbamate, and the resulting solution was cooled to 5*»C, after which 10.6 mL of a 1 

25 mol/L solution of a borane-tetrahydrofuran complex in tetrahydrofuran was added dropwise thereto and the result- 

ing mixture was stin-ed at room temperature for 17 hours. To the reaction mixture was added 3.5 mL of 6 mol/L 
hydrochloric acid, and the resulting mixture was heated under reflux for 3 hours. After the reaction mixture was 
cooled, water and ethyl acetate were added thereto and the pH was adjusted to 1 0 with a 5 mol/L aqueous sodium 
hydroxide solution, and then the organic layer was separated. 

30 The organic layer was washed with a saturated aqueous sodium chloride solution, dried over anhydrous magne- 

sium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was purified by a column 
chromatography (eluent; chlorofomi : methanol = 30 : 1 to 16 : 1) to obtain 1.01 g of 1-{2-[2-(1-benzothiophen- 
5-yl)ethoxy]ethyl}-3-pyrrolidinamine as a light-yellow oil. 

IR(neat)cm-^: 3368,2938.2861 ,1438,1112,1052,755,703 

NMR(CDCl3)5 values: 1 .2-1 .7(1 H,m), 1 .9-3.0(7H.m), 2.01 (2H.s). 3.00(2H.t.J=7H2), 3.3-3.7(1 H,m). 3.57(2H, 
t.J=6H2), 3.71(2H.t,J=7Hz). 7.20(1 H,d, J=8Hz), 7.28(1 H,d,J=5Hz). 7.41 (1H.d,J=5Hz), 7.66(1 H,s). 7.78(1 H.d. 
J=8HZ) 



Example 55 

Production of H2-[2-(i-Benzothiophen-5-yl)ethoxy]ethyl}-3-pynrolidinamine dioxalate 
[0277] 




[0278] In 3.0 mL of ethyl acetate was dissolved 0.71 g of 1-{2-[2-(1-benzothiophen-5-yl)ethoxy]ethyl)-3-pyn'olidi- 
namine, and to the solution was added a solution of 0.44 g of oxalic acid in 4.0 mL of ethyl acetate. The resulting 
mixture was stirred at room temperature for 1 hour and then at e^C for 1 hour. The crystals precipitated were collected 
by filtration, washed with ethyl acetate and then dried to obtain 1 .03 g of H2-[2-(1-benzothiophen-6-yl)ethoxy]ethyl}- 
3-pyrrolidinamine dioxalate as colorless crystals. 
IR(KBr)cm-^ : 3447,2938. 1 406, 1 279, 1 1 1 5,720 

NMR(DMSO-d6)6 values: 1 .7-2.5(2H,m). 2.8-3 .5(8H.m). 3.5-4.0(5H,m), 7.27(1 H,d.J=8Hz). 7.40(1 H,d,J=5Hz), 
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7.72(1 H,d,J=:5Hz). 7.75(1 H,s), 7.90(1 H.d.J=8Hz) 
Example 56 

Production of 1 -{2-[2-(1 -benzofuran-5-yl)etho)cy]ethyl}-3-pyrrolldinamine 
[0279] 



[0280] In the same manner as In Example 54 (1 ). tert-butyl=1 ^2-[2-(1 -ben2ofuran-5-yl)ethoxy]acetyl}-3-pyrrolldinyl- 
carbamate was obtained. 

[0281] Then, 1-{2-[2-(1-benzofuran-5-yl)ethoxy]ethyl}-3-pyrrolidinamine was obtained as a yellow oil in the same 
manner as in Example 54 (2). 

IR(neat)cm-^: 3356.2938,1467,1261,1111,1030.882, 769,740 

NMR(CDCl3)6 values: 1 .2-1 .7(1 H,m), 2.02(2H.s). 2.1 -3.0(7H.m). 2.98(2H,t,J=7Hz). 3.3-3.7(1 H,m). 3.57(2H,t, 
J=6Hz), 3.69(2H,t,J=7Hz). 6.71 (1 H,dd,J=1 ,2Hz). 7.15(1H,dd,J=1 ,7Hz). 7.40(1 H.d.J=7Hz). 7.4-7.5(1 H,m). 7.59(1H.d, 
J=2Hz) 

Example 57 

Production of 1-{2-[2-(1-benzofuran-5-yl)ethoxy]ethyl}-3-pyrrolidinamine oxalate 
[0282] 



[0283] In the same manner as in Example 17, 1 -{2-[2-(1 -benzofuran-5-yl)ethoxy]ethyl}-3-pyrrolidlnamine oxalate was 
obtained as colorless crystals. 

I R(K Br)cm- : 3408 ^2952 ,1615,1311.1127,769 

NMR(DMSO-de)6 values: 1.5-1. 9(1 H.m). 1 .8-2,4(1 H.m). 2.1-3.0(6H,m), 2.89(2H.t,J=7Hz), 3.4-3.8(5H.m), 6.89 
(1 H,dd.J=1 ,2Hz), 7.|l 8(1 H.d.J=8Hz). 7.50(1 H.d,J=8H2), 7.4-7.6(1 H.m). 7.94(1 H,d,J=2Hz) 

i 

Example 58 

Production of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyI}-3-pyn'olidinol 
[0284] 




[0285] In 1 2 mL of N.N-dimethylfonrjamide was dissolved 1 .20 g of 5-[2-(3-chloropropoxy)ethyi]-1 -benzothiophene, 
and 0.82 g of 3-pyrrolidinol and 1 .30 g of potassium carbonate were added to the solution, after which the resulting 
mixture was stirred at 85''C for 2.5 hours. After the reaction mixture was cooled, water and ethyl acetate were added 
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thereto and the organic layer was separated. The organic layer was washed with water and then a saturated aqueous 
sodiunn chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove 
the solvent. The residue was purified by a column chromatography (eluent; chloroform : methanol = 20 : 1 to 10 : 1) to 
obtain 0.78 g of 1-{3-[2-{1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolldinol as a colorless oil. 
IR(neat)cm-"': 3386,2943,1438,1106,1052,755.701 

NMR(CDCl3)5 values: 1.5-2.0(3H,m), 2.0-3 .0(7H.m), 2.98(2H,t.J=7Hz), 3.49(2H.t,J=6Hz). 3.67(2H.t.J=7H2), 
4.2-4.4(1 H.m), 7.1-7.3(2H,m), 7.41 (1H,d,J=6Hz). 7.66(1 H,s), 7.78(1 H.d.J=8Hz) 

Example 59 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-pyn'olidinol hydrochloride 
[0286] 




[0287] In the same manner as in Example 21 , 1 -{3-[2-(1 -benzothioph6n-5-yl)ethoxy]propyl}-3-pyrrolidinol hydrochlo- 
ride was obtained as colorless crystals. 

IR(KBr)cm-'«: 3368,2937.2695,1438,1108,821 ,764,708 

NMR(CDCl3)5 values: 1 .8-2.3(4H,m), 2.3-3 .8(6H,m), 2.96(2H,t,J=6Hz), 3.50(2H,t,J=6Hz), 3.68(2H,t,J=7Hz), 
4.3-4.7(1 H,m), 7.21 (1H.d,J=8Hz), 7.30(1 H,d,J=5Hz). 7.43(1 H,d,J=5Hz), 7.67(1 H,s), 7.80(1 H,d,J=8Hz) 

Example 60 

Production of 1-{3-[2-(1-ben2ofuran-5-yl)ethoxy]propyl}-3-pyrrolldinol 
[0288] 




[0289] In the same manner as in Example 58, 1 -{3-[2-(1 -benzofuran^-yl)ethoxy]propyl}-3-pyrrolidinol was obtained 
as a light-yellow oil. 

IR(neat)cm-'': 3386.2942.1467.1261 .1108,1030,883.740 

NMR(CDCl3)5 values: 1 .5-2.0(3H,m), 2.0-3.0(7H,m), 2.95(2H,t,J=7Hz), 3.49(2H,t,J=6H2), 3.65(2H,t,J=7Hz), 
4.2-4.4(1 H.m). 6.71(1H,dd,J=1 ,2Hz), 7.14(1H,dd,J=1 ,8Hz), 7.3-7.6(2H.m), 7.58(1 H,d,J=2Hz) 
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Example 61 

Production of 1-{3-[2-(1-benzofuran-5-yl)ethoxy]propyl}-3-pyrrolidinol hydrochloride 
[0290] 



CCl "c 




OH 



[0291 ] In the same manner as in Example 39, 1 -{3-[2-(1 -benzofuran-5-yl)ethoxy]propyl}-3-pyrrolidinol hydrochloride 
was obtained as a light-yellow oil. 

IR(neat)cm-'' : 3339.2941 ,2605.1 468.1 262.1 1 1 0,773,742 

NMR(CDCl3)5 values: 1 .6-2.4(4H,m), 2.4-4.0(1 2H.m), 4.4-4.8(1 H,m), 6.72(1 H,d.J=2Hz), 7.12(1H,d,J=8Hz), 
7.3-7.6{2H.m). 7.59(1 H,d.J=2H2) 

Example 62 

Production of 1 -{3-[2-{6-fluoro-1 -benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidlnol 
[0292] 



[0293] In the same manner as in Example 58, 1-{3-[2-(6-fluoro-1-benzothiophen-5-yl)ethoxy]propyl}-3-pynrolidinol 
was obtained as a yellow oil. 

IR(neat)cm-'': 3422,2952.1458.1257,1106,838,747.711 

NMR(CDCl3)5 values: 1 .5-3.0(1 OH.m), 3.00(2H.t.J=7Hz). 3.4.3.6(2H,m). 3.68(2H,t.J=7Hz). 4.2-4.4(1 H.m), 7.23 
(1 H,d.J=5Hz). 7.36(1 H,d,J=5Hz), 7.51(1H,d,J=10Hz). 7.66(1 H,d.J=7Hz) 

Example 63 | 

Production of 1-{3-[2-(6-fluofD-1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinol hydrochloride 




[0295] In the same manner as in Example 39, 1-{3-[2-(6-fluoro-1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinol 
hydrochloride was obtained as a yellow oil. 

IR(neat)cm-'< : 3377,2954,2702,1 458,1 257,1 1 07,750,71 2 

NMR(CDCl3)6 values: 1.8-2.3(4H,m), 2.8-3.6(8H.m), 3.53(2H,t,J=6Hz), 3.69(2H,t,J=7Hz), 4.3-4.4(1 H,m), 7.27 
(1H.d.J=5H2), 7.39(1 H,d.J=5Hz). 7.52(1 H,d,J=10H2). 7.67(1 H,d,J=7Hz) 
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Example 64 

Production of (3R,4S)-1 ^3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3,4-pyrrt)liclinedlol 
[0296] 



[0297] In the same manner as in Example 58, (3R,4S)-1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3,4-pyn'olldin- 
ediol was obtained as a colorless oil. 

IR(neat)cm-'> : 3387,2940,1 438,11 59,1 1 08,1 051 ,703 

NMR(CDCl3)5 values: 1.5-1.9(2H,m), 2.4-2 .8(6H,m), 2.98(2H.t,J=7H2), 3.47(2H,t,J=6Hz), 3.67(2H,t,J=7Hz). 
4.1-4.3(2H,m), 7.20(1 H,dd,J=1 , 8Hz), 7.27(1 H,d.J=5Hz), 7.42(1 H,d,J=6Hz), 7.65(1 H.d.J=1 Hz), 7.79(1 H,d,J=8Hz) 

Example 65 

Production of (3R,4S)-1-{3-[2-(1-benzothioph6n-5-yl)ethoxy]propyl}-3,4-pynrolidinedlol hydrochloride 
[0298] 




[0299] In the same manner as in Example 21 , (3R,4S)-1 -{3-[2-(1 -benzothlophen-5-yOethoxy]propyl}-3,4-pynrolldin- 
ediol hydrochloride was obtained as colorless crystals. 
IR(KBr)cm-'»: 3381 ,2871 .2602,1120,808,768.71 8 

NMR(DMSO-d6)6 values: 1 .8-2.0(2H.m), 2.8-3.8(1 2H,m), 3.9-4.3(2H.m). 7.25(1 H,dd.J=2,8H2), 7.39(1 H,d, 
J=5Hz), 7.72(1 H,d,J=5Hz), 7.73(1 H,d,J=2Hz), 7.90(1 H.d,J=8H2) 

Example 66 

Production of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-4-piperidinol 
[0300] 



[0301] In the same manner as in Example 58, 1-{3-[2-(1-benzothioph6n-5-yl)ethoxy]propyl}-4-piperidinol was ob- 
tained as a light-yellow oil. 

IR(neat)cm''' : 3385,2936, 1 438,1 364,1 1 1 1 ,755.701 

NMR(CDCl3)5 values: 1 .4-2.2(8H,m), 2.1 -2.5(2H,m), 2.5-3.0(2H,m), 2.98(2H,t,J=7Hz). 3.48(2H.t,J=6Hz), 3.5-3.8 
(IH.m). 3.67(2H.t.J=7Hz), 7.1-7.3(2H,m), 7.42(1 H,d,J=5H2), 7.66(1 H,s), 7.79(1 H,d.J=8Hz) 
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Example 67 

Production of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-4-piperidinol oxalate 
5 [0302] 



10 



45 



50 



55 




(CPiH), 



[0303] In the same manner as in Example 1 7. 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-4-piperidinol oxalate was 
15 obtained as colorless crystals. 

I R{KBr)cm-i : 3420 ,2866, 1718,1616,1190,11 20.705 

NMR(DMSO-d6)6 values: 1 .5-2.0(6H,m), 2.8-3.1 (8H,m), 3.4-3.8(1 H,m), 3.44(2H,t.J=6Hz), 3.64(2H,t.J=6Hz). 
7.24(1 H,d,J=8Hz), 7.40(1 H.d,J=5Hz). 7.6-7.8(2H.m), 791 (1 H,d.J=8Hz) 

20 Example 68 

Production of 1-{2-[2-(2-naphthyl)ethoxy]ethyl}-3-pyrrol!dinol 

[0304] 

25 

[0305] In 8 mL of N,N-dimethylformamide was dissolved 0.80 g of 2-[2-(2-naphthyl)ethoxy]-ethyl=methanesulfonate, 
and 0.45 mL of 3-pyrrolidinoi and 0.75 g of potassium carbonate were added to the solution, after which the resulting 

35 mixture was stirred at 90^*0 for 2 hours. After the reaction mixture was cooled, water and ethyl acetate were added 
thereto and the organic layer was separated. The organic layer was washed with water and then a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove 
the solvent. The residue was purified by a column chromatography (eluent; chloroform : methanol = 8 : 1 to 5 : 1) to 
obtain 0.51 g of 1-{2-[2-(2-naphthyl)ethoxy]ethyl}-3-pyrrolidinol as a colorless oil. 

40 IR(neat)cm-'>: '3422,2938,1112,820.749 

NMR(CDCl3)6, values: 1.5-1. 9(1 H,m), 2.0-2.5(3H.m), 2.5-3.0(4H,m), 3.05(2H,t,J=7Hz), 3.59(2H,t,J=6Hz), 3.76 
(2H,tJ=7Hz), 4.2-4.il(1H,m), 7.2-7.6(4H,m). 7.6-8.0(3H,m) 



Example 69 

Production of 1-{2-[2-(2-naphthyl)ethoxy]ethyl}-3-pyrroIidinol oxalate 
[0306] 



[0307] In the same manner as in Example 1 7. 1-{2-[2-(2-naphthyl)ethoxy]ethyl}-3-pyrrolidinol oxalate was obtained 
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as colorless crystals. 

IR(KBr)cm-i: 3366,2945. 1 405, 1 1 1 3,820,720 

NMR(DMSO-c|6)6 values: 1 .6-2.3(2H.m), 2.7-3.5(8H.m), 3,5-3.9{4H.m), 4.2-4.5(1 H,m). 7.4-7.6(3H,m), 7.7-8.0 
(4H.m) 

Example 70 

Production of (3R.4S)-1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3,4-pyrrolldlnedlol 
[0308] 



[0309] In 25 mL of N,N-dimethylformamlde was dissolved 2.50 g of 2-[2-(1 -benzothiophen-5-yOethoxy]ethyl=meth- 
anesulfonate, and 1 .40 g of (3R.4S)-3.4-pyrrolidinediol hydrochloride and 4.70 mL of trlethylamine were added to the 
solution, after which the resulting mixture was stirred at 90°C for 1 hour. After the reaction mixture was cooled, water 
and ethyl acetate were added thereto and the pH was adjusted to 1 0 with a 2 mol/L aqueous sodium hydroxide solution, 
and the organic layer was separated. The organic layer was washed with water and then a saturated aqueous sodium 
chloride solution, and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure 
and the residue was purified by a column chromatography (eluent; chlorofonn : methanol = 8 : 1 to 5 : 1) to obtain 0.84 
g of (3R,4S)-1-{2-[2-(1-ben2othlophen-5-yl)ethoxy]ethyl}-3,4-pyn-olidlnedlol as a yellow oil. 
IRCneatlcm-i: 3390.2940,1438,1111,1050,703 

NMR(CDCl3)5 values: 2.5-3.0(6H,m). 3.00(2H.t.J-7Hz). 3.55(2H.t,J=6Hz). 3.70(2H,tJ=7H2). 4.0-4.3(2H m) 
7.21(1H,dd,J=1.8Hz). 7.28(1 H,d.J=5H2), 7.43(1 H.d,J=5Hz). 7.66(1 H,d.J=1 Hz). 7.80(1 H.d.J=8H2) 

Example 71 

Production of (3R,4S)-1-{2-[2-(1-benzothlophen-5-yl)ethoxyJethyl}-3,4-pyn-olidinedrol hydrochloride 
[0310] 



[031 1 ] In the same manner as In Example 21 , (3R,4S)-1 -{2-[2-(1 -benzothiophen-5-yl)ethoxy]ethyl}-3,4-pyrrolidine- 
diol hydrochloride was obtained as colorless crystals. 

IR(KBr)cm-1: 3194,2864.1366,1348,1130,1111,820,712 

NMR(DMSO-c<6)S values: 2.8-4.0(1 2H,m), 3.9-4.3(2H,m), 7.2-7.5(2H,m), 7.7-8.2(3H,m) 
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Example 72 

Production of tert-butyl=1 -{3-[2-(1 -benzothiophen-5-yI)etho)cy]propyll-3-pyrrolidinylcarbamate 
[0312] 




[0313] In 7 mL of N.N-dimethylformamide was dissolved 0.70 g of 3-[2-(1 -ben20thiophen-5-yl)ethoxy]propyl=meth- 
anesulfonate, and 1 .03 g of tert-butyl=3-pyrrolidinylcarbamat6 carbonate and 1 .86 nnL of triethylannine were added to 
the solution, after which the resulting mixture was stirred at 90*'C for 2 hours. After the reaction mixture was cooled, 
water and ethyl acetate were added thereto and the pH was adjusted to 10 with 6 mol/L hydrochloric acid, and the 
organic layer was separated. The organic layer was washed with water and then a saturated aqueous sodium chloride 
solution, and dried over anhydrous magnesium sulfate. Subsequently, the solvent was distilled off under reduced pres- 
sure to obtain 1 12 gof tert-butyl=1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl)-3-pyrrolidlnylcarbamateasayellowoil. 

NMR(CDCl3)6 values: 1 .2-1 .9(3H.m), 1 .44(9H,s). 1 .9-3.0(7H,m). 2.99(2H,t.J=7Hz), 3.49(2H.t.J=6Hz). 3.67(2H, 
tJ=7Hz). 4.0^.3(1 H,m), 7.19(1H.d,J=8Hz), 7.27(1 H,d,J=5Hz). 7.42(1 H.d.J=5Hz). 7.66(1 H,s). 7.79(1 H,d,J=8Hz) 

Example 73 

Production of 1 43-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-pyn'olldinamine 
[0314] 




[0315] In 7.0 mL of ethyl acetate was dissolved 1.12 g of tert-butyl=1-{3-[2-(1-benzothiophen-5-yi)©thoxy]propyl}- 
3-pyrrolidlnylcarbarnate, and 1 .86 mL of 6 mol/L hydrochloric acid was added to the solution, after which the resulting 
mixture was heatedlunder reflux for 1 hour. After the reaction mixture was cooled, water and ethyl acetate were added 
thereto and the pH was adjusted to 10 with a 2 mol/L aqueous sodium hydroxide solution, and the organic layer was 
separated. The organic layer was washed with water and then a saturated aqueous sodium chloride solution, dried 
over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was 
purified by a column chromatography (eluent; chlorofomn : methanol = 30 : 1 to 20 : 1) to obtain 0,38 g of 1 -{3-[2-(1 -ben- 
zothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinamlne as a light-yellow oil. 
IR(neat)cm-1: 3367,2937,2861 .2796.1146,1108,755,701 

NMR(CDCl3)5 values: 1.2-1.9(4H,m), 1 .9-2.8(7H,m). 2.97(2H,t,J-7Hz), 3.48(2H,t,J=:6Hz), 3.66(2H,t,J=7Hz), 
7.19(1H.d,J=8Hz), 7.23(1 H,d,J=5Hz), 7.39(1 H.d.J=5Hz). 7.64(1H,s). 7.77(1 H,d,J=8Hz) 
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Example 74 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyi}-3-pyrTolidinamine oxalate 
[0316] 



[0317] In the same manner as in Example 17. 1-(3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolldinamine 
oxalate was obtained as colorless crystals. 

IR(KBr)cm-'«: 3390,2871 ,1614,1310,1122,766 

NMR(DMSO-d6)6 values: 1.5-1 .9(2H.m), 1 .9-2.9(8H,m). 2.92(2H,t.J=7Hz), 3.3-3.7(1 H,m), 3.43(2H t J=6H2) 
3.62(2H.t,J=7Hz), 7.25(1 H.d.J=8Hz). 7.39(1 H.d.J=5Hz). 7.72(1 H.d.J=5Hz). 7.73(1H.s). 7.90(1 H.d.J=8Hz) 

Example 75 

Production of N-(1 -{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-pyrrolldinyl)acetamide 
[0318] 



NHAc 



[0319] In 5 mL of methylene chloride was dissolved 0.50 g of 1 -{3-[2-(1 -ben2othiophen-5-yl)ethoxy]propyl}-3-pyrro- 
lidinamine. and the solution was cooled to -eo^'C, after which 0.27 mL of triethylamine and 0.14 mL of acetyl chloride 
were added to the solution and the resulting mixture was stirred at room temperature for 1 hour. Water and ethyl acetate 
were added to the reaction mixture and the organic layer was separated. The organic layer was washed with a saturated 
aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure 
to remove the solvent. The residue was purified by a column chromatography (eluent; chloroform : methanol = 60 : 1 
to 10 : 1) to obtain 0.55 g of N-(1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)acetamide as a yellow oil 
IR(neat)cm--': 3292,2946,1654,1560,1110,757,702 

NMR(CDCl3)6 values: 1 .5-1 .7(1H,m), 1 .7-1 .8(2H,m), 1.94(3H,s). 2.13(1H,q,J=9Hz). 2.2-2.3(1 H.m), 2.4-2 5(3H 
m). 2.59(1 H.dd,J=2.10Hz). 2.86(1 H.dt.J=4.9Hz). 2.99(2H,t.J=7Hz), 3.49(2H,t,J=6Hz). 3.67(2H.t.J=7Hz) ' 4 3-4 5(1 h' 
m), 5.8-5.9(1 H.m). 7.22(1 H.dd,J=1,8Hz), 7.28(1 H.d,J=5Hz), 7.42(1 H.d,J=5Hz), 7.67(1 H,d,J=1 Hz). 7,79(1 H.dJ=8Hz) 

Example 76 

Production of N-(1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)acetamide hydrochloride 
[0320] 
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[0321] In the same manner as In Example 21 , N-(1 -{3-[2-(1 -benzothiophen-S-yOethoxylpropyll-S-pyn^olidlnyOaceta- 
mlde hydrochloride was obtained as light-brown crystals. 

I R(KBr)cm-'» : 3422 ,2868.2475, 1 664, 1 542, 1 343, 1 1 1 7.71 1 

NMR(CDCl3)6 values: 1 .9-2.1 (3H,m). 2.05(3H.s), 2.3-2.4(1 H,m), 2.4-2.5(1 H.m). 2.6-2.7(1 H,m), 2.8-2.9(2H,m). 
2.97(2H.t,J=6Hz), 3,4-3.4(1 H,m), 3.51 (2H,t.J=6Hz), 3.6-3.7(1 H,m). 3.70(2H.t,J-6Hz), 4.6^.8(1H,m), 7.22(1H,dd, 
J=1,8Hz), 7.31(1H,d,J=5Hz), 7.46(1 H,d.J=5Hz). 7.67(1 H,s). 7.81 (1 H.d.J=8Hz) 

Example 77 

Production of N-(1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)methanesulfonamide 
[0322] 




[0323] In the same manner as in Example 75, N-(1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)meth- 
anesulfonamide was obtained as a yellow oil. 

IR(neat)cm-'» : 3270,2927,2856,1 320,1 1 48,1 1 1 0,756 

NMR(CDCl3)5 values: 1 .6-1 .8(3H,m), 2.1-2.3(2H,m), 2.44(2H,t,J-7Hz), 2.50(1 H,dd,J=6,10Hz), 2.60(1 H,dd, 
J=3,10Hz), 2.77(1 H,dt,J-4,9Hz), 2.94(3H.s), 2.99(2H,t,J=7Hz), 3.48(2H,t,J=6Hz), 3.68(2H,t,J=7Hz), 3.9-4.0(1 H,m), 
4.6-4.8(1 H,m), 7.22(1 H,dd,J=1,8Hz). 7.28(1 H,d.J=5Hz). 7.42(1 H.d,J=5Hz), 7,67(1 H.d,J=1 Hz), 7.79(1 H,d,J=8Hz) 

Example 78 

Production of N-(1 -{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)methanesulfonamlde oxalate 
[0324] 




[0325] In the same manner as in Example 1 7, N-(1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-pyrrolidinyl)meth- 
anesulfonamide oxalate was obtained as colorless crystals. 
I R(KBr)cm-'' : 3250 .2868. 1 71 8, 1 3 1 4, 11 65, 1 1 1 9,707 

NMR(DMSO-d6)5 values: 1 .8-2.0(3H,m), 2.2-2.3(1 H,m). 2.93(2H,t,J=7H2), 2.97(3H,s), 3.0-3. 1(3H,m), 3.1-3.2 
(1 H,m), 3.2-3.3(1 H.m), 3.4-3.5(1 H.m), 3.45(2H,t,J=6Hz), 3.63(2H,t,J=7Hz), 4.0-4.1 (1 H,m), 7.26(1 H,dd,J=1 ,8Hz), 7.40 
(1H,d.J=5Hz), 7.4-7.6(1 H.m), 7.72(1 H,d.J=6Hz). 7.74(1 H,d,J=1 Hz), 7.90(1 H,d,J=8Hz) 
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Example 79 

Production of H3-[2-(1Ht)enzothiophen-5-yl)ethoxy]propyl}-N,N-dlmethyl-3i5yrrolidinamine 
5 [0326] 



10 




[0327] In 8.6 mL of methanol was dissolved 0.43 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-pyrrolldi- 
15 namlne, and the solution was cooled to 5^C, after which 0.35 mL of 37% fomnalin and 0.09 g of sodium borohydride 
were added to the solution and the resulting mixture was stirred at room temperature for 17 hours. Under ice-cooling, 
2.6 mL of 2 mol/L hydrochloric acid was added to the reaction mixture, followed by stirring at room temperature for 30 
minutes, after which water and ethyl acetate were added thereto and the aqueous layer was separated. Ethyl acetate 
was added to the aqueous layer and the pH was adjusted to 9.5 with a 2 mol/L aqueous sodium hydroxide solution, 
20 after which the organic layer was separated. The organic layer was washed with a saturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. 
The residue was purified by a column chromatography (eluent; chlorofomri : methanol = 50 : 1 to 10 : 1 ) to obtain 0.39 
g of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-N,N-dimethyl-3-pyrrolidinamine as a yellow oil. 
IR(neat)cm-l: 2946,2862,2786.1458,1111,700 
25 NIVIR(CDCl3)5 values: 1 .6-1 .8(3H,m), 1.9-2.0(1 H,m), 2.20(6H,s), 2.2-2.3(1 H,m), 2.3-2.5{2H,m), 2.50(1 H,dt, 

J=8,12Hz), 2.7-2.8(2H.m), 2.8-2.9(1 H,m), 2.99(2H.t,J=7Hz), 3.49(2H,t,J=7Hz), 3.67(2H,t,J=7Hz), 7.22(1 H.dd, 
J=1,8Hz). 7.28(1 H,d.J=5Hz). 7.41 (1H.d,J=5Hz). 7.67(1 H,d.J=1 Hz), 7.79(1 H,d.J=8Hz) 

Example 80 

30 

Production of 1-{3-[2-(1 -benzothioph6n-5-yl)6thoxy]propyl}-N,N-dim6thyl-3-pyrrolidinamine dihydrochloride 
[0328] 

35 




[0329] In 4.0 mL of ethyl acetate was dissolved 0.39 g of 1 -{3-[2-(1 -benzothlophen-6-yl)ethoxy]propyl}-N,N-dlmethyl- 
3-pyrrolidinamine, and to the solution was added 0.80 mL of a 3.25 mol/L dried hydrogen chloride-ethyl acetate solution. 
45 The resulting mixture was stirred at room temperature for 1 hour and then at 5®C for 1 hour The crystals precipitated 
were collected by fittration, washed with ethyl acetate and then dried to obtain 0.32 g of 1 •{3-[2-(1 -benzothiophen-5-yl) 
ethoxy]propyl}-N,N-dimethyl-3'pyrrolidinamine dihydrochloride as colorless crystals. 
IR(KBr)cm-'': 2936,1437.1101,701 

NMR(CDCl3)5 values: 1 .9-2.1 (2H,m), 2.4-2.6(2H,m), 2.84(6H,s), 2.98(2H,t,J=7Hz), 3.1 -3.2(2H,m), 3.4-3.9(4H, 
50 m), 3.54(2H,t.J=5Hz), 3.72(2H.dt,J=3,7Hz), 4.2-4.3(1 H.m). 7.24(1 H,d.J=8Hz), 7.36(1 H,d,J=5Hz), 7.43(1 H,d,J=5Hz). 
7.71 (1H,s). 7.84(1 H.d,J=8Hz) 
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Example 81 

Production of 1-{3-[2-(1-ben2othlophen-5-yl)ethoxy]propyl)-3-a2etidinol ^^2 fumarate 
5 [0330] 



10 




[0331] In 1 0.0 mL of ethanol was dissolved 5.00 g of 1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-azetidinol, and 
/5 the solution was heated at 70'' C, after which 0,99 g of f umaric acid was added to the solution and stirred for 30 minutes. 

To the resulting solution was added dropwise 30.0 mL of ethyl acetate, and the resulting mixture was stirred at 60° C 

for 1 5 minutes, cooled to S^C over a period of 1 hour and then stirred at the same temperature for 1 hour. The crystals 

precipitated were collected by filtration, washed with ethyl acetate and then dried to obtain 5.83 g of 1-{3-[2-(1 -benzo- 

thiophen-5-yl)ethoxy]propyI}-3-azetidinol 1/2 fumarate as colorless crystals. 
20 IR(KBr)cm-'': 3258,2936.2862,1578,1360,1114.1109, 707,665 

NMR(DMSO-d6)5 values: 1 .5-1 .6(2H,m), 2.60(2H,t.J=7Hz), 2.91 (2H,t,J=7Hz), 2.9-3.1 (2H.m), 3.39(2H,t,J=7Hz), 

3.60{2H,t,J=7H2), 3.6-3.8(2H,m), 4.1 -4,3(1 H,m), 6.50(1H,s), 7.25(1 H,dd,J=1 ,8Hz), 7.39(1 H.dJ=5H2), 7.72(1H,d, 

J=5Hz). 7.73(1 H,d.J=1 Hz), 7.89(1 H,d,J=:8Hz) 

25 Example 82 

Production of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinol 
[0332] 

30 



33 



OH y..^^^&.,.*-S^O,,...,.^^M V-OH 



(1) In 12.5 mL of toluene was suspended 6.00 g of 3-[2-(1-benzothlophen-5-yl)ethoxy]propionic acid, and 0.1 mL 
of N,N-dimethylformamide was added thereto, after which 1 .68 mL of thionyl chloride was added dropwise thereto 

40 at IS^C and the resulting mixture was stirred at room temperature for 1 hour. The reaction mixture was added 

dropwise to a solution of 4.44 g of 3-hydroxyazetidine 1/2 tartrate and 3.76 g of sodium hydroxide in 25 mL of 
water at 10*'C, and stirred at room temperature for 1 hour. Ethyl acetate was added to the reaction mixture and 
the organic layer was separated. The organic layer was washed with diluted hydrochloric acid and then a saturated 
aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced, 

45 pressure to remove the solvent. The residue was purified by a column chromatography (eluent; chloroform : ace- 

tone = 3 : 1 to 1 : 1 ) and crystallized from diisopropyl ether to obtain 5.48 g of 3-[2-(1 -ben2othiophen-5-yl)ethoxy]- 
1-(3-hydroxy-1-azetidinyl)-1-propanone as colorless crystals. 
IR(KBr)cm-i : 331 6,2876, 1 61 0, 1 481 , 1 1 1 2,992,706 

NMR(CDCl3)5 values: 2.2-2.4(2H,m), 2.98(2H,t,J=7Hz), 3.6-3.8(6H,m), 3.8-4.0(1 H,m), 4.1-4.3(2H,m). 
50 4.4-4.4(1 H,m), 7.20(1 H,dd.J=1 .8H2). 7.28(1 H,dd,J=1 ,5H2). 7.41(1H.d.J=5Hz), 7.6-7.7(1 H,m), 7.79(1 H.d.J=8Hz) 

(2) In 20 mL of tetrahydrofuran was dissolved 5.00 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]-1-(3-hydroxy-1-aze- 
tidinyl)-1-propanone, and 1 .09 g of sodium borohydride was added thereto, after which 4.25 mL of a boron triflu- 
oride-tetrahydrofuran complex was added dropwise thereto at 10^C and the resulting mixture was stirred at the 

55 same temperature for 1 hour and then at 40''C for 3 hours. After the reaction mixture was cooled to ICC, 30 mL 

of 6 mol/L hydrochloric acid was added dropwise thereto and the resulting mixture was refluxed for 1 hour. After 
cooling, the solvent was concentrated under reduced pressure, and ethyl acetate was added. The pH was adjusted 
to 9.4 with a 20% aqueous sodium hydroxide solution and then the organic layer was separated. The organic layer 
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was washed with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium 
sulfate, and then distilled under reduced pressure to remove the solvent. The resulting residue was purified by a 
column chromatography (eluent; chloroform : methanol = 20 : 1 to 1 0 : 1 ) and crystallized from toluene-dllsopropyl 
ether (1 ; 3, 14 mL) to obtain 2.31 g of 1-{3-[2-{1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidlnol. 

5 

Example 83 

Production of 1-{3-[2-{1-benzothiophen-5-yl)ethoxy]propyl}-3-azetjdlnol maleate 
10 [0333] 



15 




[0334] In 56 mL of acetone was dissolved 8.00 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol, fol- 
20 lowed by adding thereto 3.19 g of maieic acid, and the resulting mixture was heated at 60*^0 to effect dissolution. The 

reaction mixture was slowly cooled and then stirred at S^C for 30 minutes. The crystals precipitated were collected by 

filtration to obtain 9.89 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol maleate as colortess crystals. 
NMR(DMSO-d6)6 values: 1 .6-1 .8(2H,m), 2.93(2H,t,J=7Hz), 3.13(2H,t,J=7Hz). 3.43(2H,t,J=6Hz). 3.63(2H,t, 

J=7Hz), 3.7-3.9(2H,m), 4.1-4.3(2H,m), 4.4-4.5(1 H.m), 6.04{2H,s), 7.26(1 H.dd,J=1,8Hz), 7.40(1 H.d,J=5Hz), 7.7-7.8 
25 (IH.m). 7.74(1 H,d,J=5Hz). 7.92(1 H,d,J=8Hz) 

Example 84 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol nitrate 

30 

[0335] 



35 




40 [0336] In 20 mL of ethyl acetate was dissolved 10.0 g of 1-{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-a2etidlnol, 
and 20 mL of isopropanol was added thereto, after which 2.60 mL of concentrated nitric acid (61 %) was added dropwise 
thereto at room temperature. To the reaction mixture was added dropwise 60 mL of ethyl acetate, and the resulting 
mixture was stirred at the same temperature tor 1 hour and then at 5°C for 1 hour. The crystals precipitated were 
collected by filtration to obtain 11.3 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol nitrate as colorless 

45 crystals. 

IR(KBr)cm-'>: 3354,2880.1385,1107,712 

NMR(DMSO-d6)6 values: 1.6-1.8(2H,m), 2.93(2H.t,J=7Hz). 3.1-3.2(2H,m), 3.44(2H,t,J=6Hz), 3.64(2H,t,J=7Hz), 
3.7-3.9(2H,m), 4.0-4.4(2H,m), 4,4-4.5(1 H,m), 7.27(1 H,d,J=8Hz), 7.41 (1H.d,J=5Hz), 7.74(1 H,d,J=5Hz). 7.74(1 H,s), 
7.92(1 H.d,J=8Hz) 

so 
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Example 85 

Production of H3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinol L-tartrate 
s [0337] 




15 [0338] In 40 mL of ethyl acetate was dissolved 10.0 g of 1 -{3-[2-(1 -benzothioplien-5-yl)ethoxy]propyl}-3-a2etidinol, 
and 5.15 g of L-tartaric acid and 40 mL of ethanol were added thereto, after which the resulting mixture was heated at 
65**C to effect dissolution. After the resulting solution was stirred at 50°C for 20 minutes, 40 mL of ethyl acetate was 
added dropwise thereto at the same temperature and the resulting mixture was stirred at 20 to 30*'C for 1 hour. The 
crystals precipitated were collected by filtration to obtain 1 3.9 g of 1 M3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-aze- 

20 tidlnol L-tartrate as colorless crystals. 

IR(KBr)cm-">: 3318,2807.1305,1126.679.483 

NMR(DIVISO-d6)5 values: 1 .5-1 .7(2H.m), 2.82(2H,t.J=7Hz), 2.92(2H,t,J=7Hz), 3.2-3.4(2H.m), 3.41 (2H,t,J=6Hz), 
3.61(2H,t,J=7Hz), 3.8-4.0{2H.m), 4.02(2H,s), 4.2-4.4(1 H.m), 7.26(1 H.dd,J=2,8Hz), 7.40(1 H.d,J=5Hz). 7.73(1 H,d, 
J=5Hz), 7.7-7.8(1 H,m), 7.91(1H,d,J=8Hz) 

25 

Example 86 

Production of H3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-azetldlnol 1/2 succinate 
30 [0339] 



35 




[0340] In 30 mL of ethyl acetate was dissolved 10.0 g of 1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-azetldinol, 
and 2.03 g of succinic acid and 35 mL of isopropanol were added thereto, after which the resuiting mixture was reffuxed 
to effect dissolution. After 40 mL of ethyl acetate was added dropwise to the reaction mixture, the resulting mixture 
was slowly cooled and then stirred at 5'C for 30 minutes. The crystals precipitated were collected by filtration to obtain 
11.1 g of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-azetidinol 1/2 succinate as colorless crystals. 
IR(KBr)cm-"': 3250,2936.1576.1361,1109,707,652 

NMR(DMSO-de)6 values: 1 .4-1.6(2H,m), 2.35(2H,s), 2.46(2H,t,J=7Hz), 2.7-2.9(2H,m), 2.91 (2H,t,J=7Hz), 3.38 
(2H,t,J=6Hz), 3.5-3.6(2H,m), 3.59(2H,t,J=7Hz), 4.1-4.2(1H,m), 7.25(1 H.dd,J-2.8Hz), 7.39(1 H,d,J=5Hz), 7.72(1H,d, 
J=5H2), 7.7-7.8(1 H,m), 7.90(1 H.d,J=8Hz) 
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Example 87 



Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinol citrate 



[0341] 




N 



<yoH 




o 




CO,H 



[0342] In 14.4 mL of ethanol was dissolved 10.0 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinol, fol- 
lowed by adding thereto 7^1 g of citric acid monohydrate, and the resulting mixture was heated at 50**C to effect 
dissolution. To the resulting solution were added 35 mL of ethyl acetate and 5.6 mL of ethanol at 50*'C, and stinted at 
25° C. The reaction mixture was heated at 40**C, after which ethyl acetate (45 mL) was added dropwise thereto and 
the resulting mixture was stirred at 40''C for 10 minutes and then at 10 to 20**C for 1 hour. The crystals precipitated 
were collected by filtration to obtain 1 4.9 g of 1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-azetidlnol citrate as color- 
less crystals. 

I R(KBr)cm-i : 3374.2943, 1 720, 1 224. 1 1 04,706 

NMR(DMSO-d6)5 values: 1 .6-1 .7(2H,m). 2.50(2H.d,J=15Hz). 2.58(2H.d,J=15Hz), 93(2H.t,J=7Hz). 2.99{2H.t, 
J=7Hz), 3.42(2H,t,J=6Hz), 3.5-3.6(2H,m), 3.63(2H,t,J=7Hz), 4.0-4. 1(2H,m), 4.3-4.4(1 H.m), 7.26(1 H,d,J=8Hz), 7.40 
(1H,d.J=5Hz), 7.73(1 H,d,J=5Hz), 7.7-7.8(1 H.m), 7.91(1H.d,J=8Hz) 

Example 88 

Production of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-azetidlnyl=benzoate 



(1) In 7 mL of methylene chloride was dissolved 0.70 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]-1 -(3-hydroxy-1 -aze- 
tidinyl)-1 -propanone, and 0.57 mL of triethylamine was added to the solution. After the resulting mixture was cooled 
to S^'C, 0.42 mL of benzoyl chloride was added thereto, followed by stimng at the same temperature for 1 hour. 
Water was added to the reaction mixture and the pH was adjusted to 1 with 2 mol/L hydrochloric acid, after which 
the organic layer was separated. The organic layer was washed with a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The 
residue was purified by a column chromatography (eluent; toluene : ethyl acetate = 5 : 1 to 2 : 1) to obtain 0.45 g 
of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propanoyl}-3-azetidlnyl=benzoate as a colortess oil. 

IR(neat)cm-'' : 2873, 1 71 9, 1 654,1 451 ,1 274,1 1 1 7,71 4 

NMR(CDCl3)5 values: 2.3-2.4(2H,m), 2.99(2H,t,J=7Hz), 3.72(2H,t.J=7Hz), 3.7-3.8(2H,m), 4.0-4.3(2H,m), 
4.3-4.4(1 H.m). 4.4-4,6(1 H.m). 5.2-5.4(1 H.m). 7.1 -7.3(2H.m). 7.41 (1 H.d.J=5Hz). 7.46(2H,t.J=8Hz), 7.5-7.7(2H,m). 
7.78(1 H,d.J=8Hz), 8.0-8.1 (2H,m) 

(2) In 1 mL of tetrahydrofuran was dissolved 0.51 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propanoyl}-3-azetidl- 
nyl=benzoate, and 6.8 mL of a 1 mol/L solution of a borane-tetrahydrofuran complex in tetrahydrofuran was added 
dropwise thereto under ice-cooling, after which the resulting mixture was stirred at room temperature for 22 hours. 
To the reaction mixture was added 6.2 mL of ethanol, and the resulting mixture was refluxed for 4 hours. After 
cooling, the solvent was distilled off under reduced pressure and water and ethyl acetate were added to the residue, 
and the organic layer was separated. The organic layer was washed with a saturated aqueous sodium chloride 
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solution, dried over an hydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. 
The residue was purified by a column chromatography (eluent; toluene : ethyl acetate =5:1- chloroform) to obtain 
0.33 g of H3-[2-(1-benzothiophen-5-y!)ethoxy]propyl}-3-a2etidlnyl=benzoate as a colorless oil. 
lR(neat)cm-'> : 2941 ,1718.1 274,1 1 1 5 .755 .71 3 

NMR(CDCl3)5 values: 1 .6-1 .7(2H,m). 2.54(2H.t.J=7Hz). 3.00(2H.t,J=7Hz), 3.0-3.2(2H,m). 3.49(2H.t.J=6Hz). 
3.67(2H,t.J=7Hz), 3.7-3.8(2H,m), 5.2-5.3(1 H,m). 7.22(1 H,dd,J=2,8Hz), 7.28(1 H.d.J=5Hz), 7.40(1 H,d,J=5Hz), 
7.45(2H,t,J=8Hz), 7.5-7.6(1 H.m), 7.6-7.7(1 H.m). 7.79(1 H,d,J=8Hz). 8.0-8.1 (2H.m) 

Example 89 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinyl=ben2oate maleate 
[0344] 




OBz - -O^ ^#^s^^N_ ^OBz 




[0345] In 3 mL of ethyl acetate was dissolved 0.25 g of 1 -{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidi- 
nyl=benzoate, and 0.07 g of maleic acid was added thereto, after which the resulting mixture was heated to effect 
dissolution. The reaction mixture was cooled and the crystals precipitated were collected by filtration to obtain 0.15 g 
of 1 -{3-[2-(1 -ben2othiophen-5-yl)ethoxy]propyl}-3-azetidinyl=benzoate maleate. 
IR(KBr)cm-'» : 2872,1 732. 1 454, 1 358, 1 270, 1 1 1 9 

NMR(DMSO-d6)6 values: 1 .6-1 .8(2H.m), 2.94(2H.t.J=7Hz), 3.1 -3.3(2H.m), 3.46(2H,t,J=6Hz), 3.65(2H,t.J=7Hz). 
4.1-4.3(2H,m), 4.4-4.6(2H.m). 5.3-5.5(1 H.m), 6.04(2H,s). 7.26(1 H.d,J=8Hz), 7.39(1 H,d.J=5Hz), 7.58(2H,t.J=8Hz). 
7.7-7.8(3H,m). 7.91(1H,d,J=8Hz). 8.0-8.1(2H,m) 

30 

Example 90 

Production of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinyl=pivalate 
35 [0346] 



OPfcf 



(1 ) In 8 mL of methylene chloride was dissolved 1 .00 g of 3-[2-(1 -benzothiophen-5-yl)ethoxy]-1 -(3-hydroxy-1 -aze- 
45 tidinyl)-1-propanone, and 0.40 mL of pyridine was added to the solution, after which 0.48 mL of pivaloyi chloride 

was added thereto under ice-cooling and the resulting mixture was stirred at room temperature for 22 hours. Water 
was added to the reaction mixture and the resulting mixture was acidified with 6 mol/L hydrochloric acid, after 
which the organic layer was separated. The organic layer was washed with a 2 mol/L aqueous sodium hydroxide 
solution and a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then 
so distilled under reduced pressure to remove the solvent. The residue was purified by a column chromatography 

(eluent; toiuene : ethy! acetate = 3 : 1 to 2 : 1 ) to obtain 1 .20 g of 1 -{3-[2-(1-benzothlophen-5-yl)ethoxy]-propanoyl)- 
3-azetidinyl=pivalate as a colorless oil. 

lR(neat)cm-"»: 2972,1730.1655,1458.1282,1151. 1112,703 

NMR(CDCl3)5 values: 1.21(9H,s), 2.2-2.4(2H,m), 2.99(2H,t,J=7Hz). 3.6.3.8(4H,m). 3.8-4. 1(2H,m). 4.2-4.3 
55 (IH.m), 4.3-4.5(1 H.m), 4.9-5.1 (IH.m). 7.1-7.3(2H.m), 7.42(1 H.d,J=5Hz), 7.6-7.7(1 H.m). 7.80(1 H,d,J=8Hz) 

(2) In the same manner as in Example 88 (2), 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinyl=pivalate 
was obtained. 
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IR(neat)cm-l : 2938. 1 727.1 283,1 1 66.1 11 0.756.702 

NMR{CDCl3)5 values: 1.20(9H,s), 1.5-1.7(2H.m), 2.50{2H.t,J=7Hz). 2.8-3.0(2H,m), 2.99(2H,t,J=7Hz), 3.47 
(2H,t,J=6Hz), 3.6-3.8(4H.m). 4.9-5.1 (IH.m), 7.22(1 H.dd,J=2.8H2). 7.2-7.3(1 H.m). 7.42(1 H,d,J=6Hz). 7.6-7.7(1 H, 
m), 7.79(1 H,d,J=8Hz) 

Example 91 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinyl=pivalate maleate 
[0347] 




[0348] In the same manner as In Example 89, 1-{3-[2-{1-benzothlophen-5-yl)elhoxy]propyl}-3-azetldlnyl=pivalate 

maleate was obtained. 

IR(KBr)cm-^: 2866,1740,1578,1452,1356,1165,1120,870 

NMR(DMSO-d6)5 values: 1.18(9H.s), 1 .6-1 .8(2H,m), 2.8-3.0(2H.m), 3.0-3.3(2H,m), 3.3-3.6(2H,m), 3.5-3.7(2H, 
m), 3.9-4.1 (2H,m), 4.3-4.5(2H,m), 5.0-5.2(1 H.m). 6.05(2H,s), 7.26(1 H,d,J=8Hz). 7.40(1 H,d.J=5Hz). 7.7-7.8(2H,m), 
7.91(1H,d,J=8Hz) 

Example 92 

Production of 1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-azetidlnyl=methyl=carbonate 
[0349] 



(1) In the same manner as in Example 90 (1), 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propanoyl}-3-azetldinyl=me- 
thyl^carbonate was obtained. 

IR(neat)cm-i : 2943,1 751 ,1272,11 1 0,791 ,705 

NMR(CDCl3)5 values: 2.2-2.4(2H,m). 2.99(2H.t,J=7H2), 3.7-3. 8(2H.m). 3.71 (2H,t,J=7Hz). 3.82(3H,s), 
3.9-4.0(1 H,m), 4.0-4,3(2H,m). 4.3-4.4(1 H.m), 4.9-5.1 (1 H.m). 7.21 (1 H,dd.J=1 .8Hz). 7.29(1 H.d.J=5H2), 7.42(1 H,d, 
J=5Hz). 7,6-7.7(1 H.m). 7.80(1 H.d.J=8Hz) 

(2) In the same manner as in Example 88 (2), 1-{3-[2-(1-ben2othiophen-5-yI)ethoxy]propyl}-3-azetidinyl=me- 
thyl=carbonate was obtained. 

IR(neat)cm-i: 2952,2868,1749,1442,1271 ,1109.792,704 

NMR(CDCl3)5 values: 1.5-1 .7(2H,m), 2.49(2H,t,J=7Hz). 2.9-3.1 (4H.m), 3.46(2H,t,J=6Hz). 3.6-3.7(4H,m), 
3.78(3H,s), 4.9-5. 1(1H,m), 7.21(1H,dd,J=2.8Hz), 7.28(1 H,dd,J=1 ,5Hz). 7.42(1 H,d,J=5Hz), 7.6-7.7(1 H,m). 7.79 
(1H,d.J=8Hz) 
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Example 93 

Production of H3-[2-(1-ben2othlophen-5-yl)ethoxy]propyl}-3-a2etidinyl==methyl=carbonate oxalate 
[0350] 




[0351] In 7 mL of ethyl acetate was dissolved 0.31 g of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl)-3-a2etidi- 
nyl=methyl=carbonate, and to the solution was added a solution of 0.1 0 g of oxalic acid in 1 mL of ethyl acetate, after 
which the resulting mixture was stirred at room temperature. The crystals precipitated were collected by filtration to 
obtain 0.34 g of 1-{3-[2-(1-ben20thiophen-5-yl)ethoxy]propyl}-3-azetidinyl=methyl=carbonate oxalate. 
IR(KBr)cm-'' : 2863,2594. 1 753, 1 444. 1 278, 111 2,71 9 

NMR(DMSO-d6)6 values: 1 .6-1 .8(2H.m), 2.92(2H,t,J=7H2), 3.0-3.1 (2H,m), 3.42(2H.t,J=6Hz), 3.62(2H.t.J=7Hz). 
3.74(3H.s), 3.9-4.0(2H,m). 4.2-4. 3(2 H,m), 5.0-5.2(1 H,m), 7.26(1 H,dd.J=1 ,8H2). 7.40(1 H,dd.J=1 ,5Hz), 7.7-7.8(2H.m). 
7.90(1 H.d,J=8Hz) 

Example 94 

Production of 1 -{3-[2-(1 -ben20thiophen-5-yl)ethoxy]propyl}-3-a2etidinyl=ethyl=carbonate 
[0352] 



(1) In the same manner as In Example 90 (1). 1-{3-[2-(1-ben20thlophen-5-yl)ethoxy]propanoyl)-3-a2etldi- 
nyl=ethyl=carbonate was obtained. 

IR(neat)cm-'»: 2942,2873,1747,1 654,1450,1260,1111 , 791 ,704 

NMR(CDCl3)5 values: 1 .32(3H,t,J=7H2), 2.2-2.4(2H.m). 2.99(2H,t,J=7Hz), 3.7-3.8(2H,m), 3.71 (2H,t,J=7Hz). 
3.9-4.0(1 H,m), 14.0-4.2(1 H,m), 4.2-4.3(1 H,m), 4.22(2H,q,J=7Hz). 4.3-4.4(1 H,m), 4.9-5.1 (1 H,m). 7.21(1H,dd, 
J=2,8H2). 7.29(jl H,d,J=5Hz), 7.42(1 H,d,J=5Hz), 7.6-7.7(1 H,m). 7.80(1 H,d,J=8H2) 

I 

(2) In the same manner as in Example 88 (2). 1-{3-[2-(1-ben2othiophen-5-yl)ethoxy]propyl}-3-a2etidinyl=ethyl=car- 
bonate was obtained. 

IR(neat)cm-'' : 2941 ,1 750,1 262,1 1 1 0,1 049,792,704 

NMR(CDCl3)5 values: 1 .31 (3H,t,J=7H2). 1 .5-1 .7(2H.m), 2.50(2H,t,J=7Hz), 2.9-3.1 (4H,m), 3.46(2H,t,J=6H2). 
3.6-3.7(4H,m), 4.1 9(2H,q,J=7Hz). 4.9-5.1 (1 H,m). 7.21 (1 H,dd,J=2.8Hz), 7.28(1 H,dd,J=1 .5H2), 7.42(1 H,d,J=6Hz), 
7.6-7.7(1 H,m), 7.79(1 H,d,J=8H2) 
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Example 95 

Production of H3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-azetidinyl=ethyl=carbonate oxalate 
5 [0353] 



10 



30 



[0354] In the same manner as in Example 93, 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinyl=ethyl=car- 
15 bonate oxalate was obtained. 

IR(KBr)cm-'«: 2932.2864.2583,1748,789,719 

NMR(DMSO-d6)6 values: 1 .23(3H,t,J=7Hz), 1 .6-1 .8{2H.m). 2.92(2H,t,J=7H2), 3.0-3.1 {2H,m). 3.43(2H,t.J=6Hz), 
3.62(2H,t,J=7Hz), 3.9-4.0(2H,m), 4.16(2H,q,J=7Hz), 4.2-4.3(2H,m), 5.0-5.2(1 H.m), 7.26(1 H.dd,J=2,8Hz), 7.40(1 H,d, 
J=6Hz), 7.7-7.8(2H,m), 7.90(1 H.d,J=8Hz) 

20 

Example 96 

Production of 1 -{3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-(methoxymethoxy)azetidine 
25 [0355] 



(1) In 8.5 mL of methylene chloride was dissolved 1.52 g of 3-[2-(1 -benzothiophen-5-yl)ethoxy]-1-(3-hydroxy- 
35 1 -azetidinyl)-1 -propanone, and 2.6 mL of N,N-diisopropylethyl-amine was added to the solution. After the resulting 

mixture was cooled to 5** C, 1 .0 mL of chlorom ethyl methyl ether was added thereto, followed by stirring at room 
temperature for 17 hours. Water and ethyl acetate were added to the reaction mixture and the organic layer was 
separated. The organic layerwas washed with a saturated aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was purified by 
40 a column chromatography (eluent; toluene : ethyl acetate = 3 : 1 to 1 : 1 ) to obtain 1 .40 g of 3-[2-{1 -benzothiophen- 

5-yl)ethoxy]-1-[3-(methoxymethoxy)-1-azetidinyl]-1 -propanone as an oil. 
IR(neat)cm-'' : 2941 .2867, 1 654.11 1 2.1 055.91 9.704 

NMR(CDCl3)5 values: 2.3-2.4(2H,m), 2.99(2H.t.J=7Hz), 3.37(3H,S), 3.7-3.8(2H.m), 3.72(2H.t.J=7Hz). 
3.8-4.1 (2H,m), 4.1-4.4(3H,m), 4.60(2H,s), 7,21 (1H,dd,J=2,8Hz). 7.29(1 H.d,J=5Hz). 7.42(1 H,d.J=5Hz), 7.6-7.7 
45 (IH.m), 7.79(1 H.d,J=8Hz) 

(2) In the same manner as in Example 88 (2), 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(methoxymethoxy) 
azetidine was obtained. 

I R (n eat)cm-'' : 2943 , 1 1 1 3 , 1 059 , 1 0 1 2 , 9 1 9 ,703 
50 NMR(CDCl3)5 values: 1 .5-1 .7(2H.m), 2.49(2H.t,J=7Hz). 2.8-2.9(2H.m). 2.99(2H.t.J=7Hz), 3.36(3H.s). 3.47 

(2H.t.J=6Hz), 3.5-3.7(4H.m). 4.2-4.3(1 H.m), 4.59(2H,s), 7.22(1 H,dd,J=1 .8Hz). 7.28(1 H.dd.J=1.5Hz), 7.42(1H.d. 
J=5Hz), 7,6-7.7(1 H,m). 7.79(1 H.d.J=8Hz) 
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Example 97 



Production of H3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-(methoxymethoxy)azeticline oxalate 



[0356] 



[0357] In the same manner as in Example 93, 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-(methoxymethoxy) 
azetidine oxalate was obtained. 

IRCKBOcm-i : 2866,1 71 9,1 624, 1 1 1 2,989,920,707 

NMR(DMSO-d6)6 values: 1.6-1 .8{2H.m), 2.93(2H,t,J=7Hz), 3.0-3.1 (2H,m), 3.29(3H.s), 3.43(2H,t.J=6Hz), 3.63 
(2H.t.J=7Hz), 3.7-3.9{2H,m), 4.1-4.3(2H,m), 4.3-4.5(1 H.m), 4.60(2H,s), 7.26(1 H,dd,J=2,8Hz), 7.40(1 H.d,J=5Hz), 
7.7-7.8(2H,m). 7.90(1 H.d,J=8Hz) 

Example 98 

Production of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-[(benzyloxy)methoxy]azetidine 



(1) In the same manner as in Example 96 (1), 3-[2-(1-benzothiophen-5-yl)ethoxy]-1-{3-[(benzyloxy)methoxy]- 
1 -azetidinyl}-1 -propanone was obtained. 
IR(neat)cm-V 2872,1654,1112.700 

NMR(CDCl3)5 values: 2.3-2,4(2H,m), 2.99(2H,t,J=7H2). 3.7-3.8(2H,m), 3.71 (2H,t,J=7Hz), 3.8-4.3(4H,m), 
4.3-4.4(1 H,m), 4.60(2H,s), 4.73(2H,s). 7.21 (1H,dd,J=1 .8Hz), 7.2-7.4(6H,m), 7.40(1 H.d,J=5Hz), 7.6-7.7(1 H.m), 
7.79(1 H,d,J=8Hz) 



(2) In the same manner as in Example 88 (2), 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-[(benzyloxy)meth- 
oxy]azetidine was obtained. 

IR(neat)cm-"': 2942,1196,1115,1060.700 

NMR(CDCl3)5 values: 1.5-1. 7(2H,m).2.49(2H.t.J=7Hz),2.8-3.0(2H,m),2.99(2H,t,J=7Hz).3.47(2H,t.J=6Hz), 
3.5-3.7(2H,m), 3.66(2H,t,J=7Hz), 4.2-4.4(1 H,m), 4.60(2H.s). 4.72{2H,s), 7.2-7.4(6H,m), 7.22(1 H,dd,J=1 ,8Hz). 
7.41(1H,d,J=6Hz), 7.6-7.7(1 H,m), 7.79(1 H,d,J==8Hz) 

Example 99 

Production of 1 -{3-[2-{1 -benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)azetidine 



[0358] 



[0359] 
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(1) In 6.8 mL of toluene was dissolved 0.85 g of 3-[2-(1-benzothiophen-6-yl)ethoxy]-1-(3-hydroxy-1-azetidinyl)- 
1-propanone, and to the solution were added 0.34 mL of pyridine, 0.02 g of 4-(dimethylamlno)-pyridine and 0.93 
g of trityl chloride, after which the resulting mixture was stirred at 50*0 for 3 hours. To the mixture was added 0.85 
mL of N.N'dimethylfomnamide, followed by stirring at SO^'C for another 24 hours. Water and ethyl acetate were 

5 added to the reaction mixture and the organic layer was separated . The organic layer was washed with a saturated 

aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced 
pressure to remove the solvent. The residue was purified by a column chromatography (eiuent; toluene : ethyl 
acetate = 5 : 1 to 3 : 1) to obtain 1.15 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]-H3-(trityloxy)-1-azetldlnyl]-2-pro- 
panone as an oil. 

10 IR(neat)cm-i: 2940,2870,1654,11 16,762,707 

NMR(CDCl3)5 values: 2.18(2H,t,J=6Hz), 2.94(2H,t.J=7Hz), 3,5-3.8(8H,m), 4.2-4.4(1 H,m). 71 -7.5(1 8H,m). 
7.6-7.7(1 H.m), 7.73(1 H,d,J=8Hz) 

(2) In the same manner as in Example 88 (2). 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)azetidine 
15 was obtained. 

IR(neat)cm-1 : 2943, 1 492, 1 449,1 1 04,706 

NMR(CDCl3)5 values: 1 .4-1 .6(2H,m), 2.3-2.4(2H.m), 2.5-2.7(2H,m), 2.95(2H,t.J=7Hz), 3.0-3. 1(2H,m), 3.37 
(2H,t,J=7Hz). 3.61(2H,t.J=7Hz), 4.1 -4,3(1 H,m), 7.1-7.3(11H,m). 7.3-7.5(7H,m), 7.6-7.7(1 H,m), 7.77(1 H,d,J=8Hz) 

20 Example 100 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)azetidine oxalate 
[0360] 



25 



30 




[0361] In the same manner as in Example 93, 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)-azetldine 
oxalate was obtained. 
35 IR(KBr)cm''" : 2866 , 1 491 . 1 451 . 11 55, 1 1 1 0 J04 

NMR(DMSO-d6)8 values: 1 .4-1 .6(2H,m), 2.8-3.0(4H,m), 3.34(2H,t,J=6Hz), 3.4-3.6(6H,m), 4.2-4.4(1 H,m), 7.23 
(1H,d.J=8Hz). 7.3-7.5(1 6H.m). 7.6-7.8(2H,m), 7.88(1 H.d.J=8Hz) 

Example 1 01 

40 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-[(triethylsilyl)oxy]azetidine 
[0362] 



(1 ) In the same manner as In Example 99 (1 ), 3-[2-(1 -benzothlophen-5-yl)ethoxy]-1 -{3-[(triethylsllyl)oxy]-1 -azetldl- 
nyl>-1 -propanone was obtained. 

IR(neat)cm-i : 2954,2875, 1 654,1 458,1 1 1 3,1 004,750 

NMR(CDCl3)5 values: 0.67(6H,q.J=8Hz), 0.94(9H,t.J=8Hz), 2.2-2.4(2H,m), 2.99(2H,t,J=7Hz), 3,6-3.9(5H, 
m), 3.9-4.0(1H.m), 4.1-4.3(2H,m), 4.4-4.6(1 H,m), 7.21 (1H,dd,J=2,8Hz), 7.29(1 H.d,J=5Hz), 7.42(1 H.d,J=5Hz), 
7.6-7.7(1 H,m), 7.79(1 H,d,J=8Hz) 

(2) In the same manner as in Example 88 (2), 1-{3-[2-(1-benzothiophen-5-yi)ethoxy]propyl)-3-[(triethylsllyl)oxy] 
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azetidine was obtained. 

IR(neat)cm-i : 2951 , 1 380, 1 201 .1 1 1 4.865 ,747.701 

NMR(CDCl3)5 values: 0.57(6H,q,J=8Hz), 0.94(9H,t,J=8Hz). 1 .5-1.7(2H,m), 2.48(2H,t,J=7Hz). 2.7-2.8(2H. 
m), 2.99(2H.t,J=7Hz). 3.46(2H.t,J=6Hz). 3.5-3.7(2H.m), 3.66(2H,t.J=7Hz), 4.3-4.5(1 H.m). 7.21(1 H.dd,J=2,8Hz). 
7.28(1 H,dd,J=1 ,8), 7.41 (1H,d,J=6Hz), 7.6-7.7(1 H,m). 7.79(1 H,d.J=8Hz) 

Example 102 

Production of 1 H3-[2-(1 -benzothlophen-5-yl)ethoxy]propyl}-3-(benzyloxy)azetidlne 
[0363] 



(1 ) In 8 mL ot N,N -dim ethytfo imam Ide was dissolved 1 .00 g of 3-[2-(1 -benzothlophen-5-yl)ethoxy]-1 -(3-hydroxy- 
1 -azetldinyi)-1 -propanone, and 1 .90 g of sllver(l) oxide and 0.97 mL of benzyl bromide were added to the solution, 
after which the resulting mixture was stirred at room temperature for 31 hours. The insoluble materials were filtered 
off and water and ethyl acetate were added to the residue, after which the organic layer was separated. The organic 
layer was washed with a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, 
and then distilled under reduced pressure to remove the solvent. The residue was purified by a column chroma- 
tography (eluent; toluene : ethyl acetate = 3 : 1 to 1 : 4) to obtain 1.00 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]- 
1-[3-(benzyloxy)-1-azetidinyl]-1 -propanone as an oil. 

IR(neat)cm-"': 2869.1654.1112.754,700 

NMR(CDCl3)5 values: 2.2-2 .4(2H,m), 2.9B(2H,t,J=7Hz), 3.6-3.8(4H,m), 3.8-3.9(1 H.m), 3.9-4.0(1 H,m), 
4.0-4.1(1 H.m). 4,1-4,3(2H,m), 4.40(1 H,d,J=12Hz). 4.44(1 H.d.J=12Hz). 7.20(1 H,dd,J=1 ,8Hz), 7.2-7.5(7H.m), 
7.6-7.7(1 H,m), 7.78(1 H.d,J=8Hz) 

(2) In the same manner as in Example 1 (2). 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(benzyloxy)azetidine 
was obtained. 

IR(neat)cm-i : 2939. 1 355. 1 1 94.1 1 1 0.754.700 

NMR(CDCl3)5 values: 1. 5-1 .7(2H.m),2.48(2H,t,J=7Hz).2.8-2.9(2H.m).2.98(2H.t.J=7Hz).3.46(2H,t.J=6Hz). 
3.5-3.7(2H,m). 3.65(2H.t.J=7Hz), 4.1 -4.3(1 H.m), 4.42(2H..s). 7.21 (1 H,dd.J=1 ,8Hz). 7.2-7.4(6H,m), 7.41 (1H.d. 
J=5Hz), 7.6-7.7(1 H,m). 7.79(1 H.d.J=8Hz) 

Example 103 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(benzyloxy)azetidine oxalate 
[0364] 




N^-OBn 




[0365] in the same manner as in Example 93, 1-{3-[2-(1-benzothiophen-5-yl}ethoxy]propyl}-3-(benzyloxy)azetidine 
oxalate was obtained. 

IR(KBr)cm-'': 2859,1 1 1 1 ,700 

NIVlR(DMSO-d6)5 values: 1 .6-1 .8(2H,m), 2.92(2H,t,J=7Hz), 3.06(2H,t,J=7Hz). 3.42(2H,t,J=6Hz). 3.62(2H,t, 
J=7Hz). 3.7-3.9(2H,m). 4.1-4.2{2H,m), 4.3-4.4(1 H.m). 4.46(2H.s). 7.26(1 H.d,J=8Hz), 7.3-7,5(6H.m), 77-7.8(2H.m), 
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7.90(1 H.d,J=8Hz) 
Example 104 

Production of 1 ^3-[2-(1 -benzothlophen-5-yl)etho)cy]propyl}-3-(trityloxy)azetldlne 
[0366] 



[0367] In a mixture of 0.4 mL of toluene and 7 mL of a 50% (WA/) aqueous sodium hydroxide solution was suspended 
0.54 g of 2-(1-benzothiophen-5-yl)-1 -ethanol, followed by adding thereto 1 .45 g of 1 -(3-chloropropyl)-3-(trityloxy)aze- 
tidine oxalate and 0.03 g of tetra-n-butylammonlum bromide, and the resulting mixture was refluxed for 7 hours. After 
the reaction mixture was cooled, water and toluene were added thereto and the organic layer was separated. The 
organic layer was washed with a saturated aqueous sodium chloride solution , dried over anhydrous magnesium sulfate, 
and then distilled under reduced pressure to remove the solvent. The residue was purified by a column chromatography 
(eluent; chtorofomn : methanol = 75 : 1) to obtain 0.59 g of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-(tritytoxy) 
azetidine as a light-yellow oil. 

Example 105 

Production of 1-{3-[2-(1-benzothiophen-5-yI)ethoxy]propyl}-3-(trityloxy)azetidlne maleate 
[0368] 

^^o_«>o.._ >or, 

[0369] In the same manner as in Example 89, 1-{3-{2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)-azetidlne 
maleate was obtained. 

IR(KBr)cm--»: 3059,1346,1119.871,706 

NMR(CDCl3)5 values: 1 .6-1 .8(2H.m). 2.8-3.0(4H,m), 3.1 -3.3(2H,m). 3.40(2H.t,J=6Hz), 3.63(2H,t.J=7Hz), 3.8-4.0 
(2H.m), 4.4-4.6(1 H,m). 6.23(2H,s), 7.18(1 H.d,J=8Hz), 7.2-7.5(1 7H,m). 7.64(1H,s), 7.79(1 H.d,J=8Hz) 

Example 106 

Production of 1 -{3-[2-{1 -benzothiophen-5-yl)ethoxy]propyl}-3-(tetrahydro-2H-pyran-2-yloxy)azetidlne 
[0370] 



[0371] In the same manner as in Example 104, 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl)-3-(tetrahydro-2H- 
pyran-2-yloxy)azetidlne was obtained from 2-(1-benzothiophen-5-yl)-1 -ethanol and 1-(3-chloropropyl)-3-(tetrahydro- 
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2H-pyran-2-yloxy)azetldine. 

I R(neat)cm-l : 2943,2853, 1201,1115,1 037,975 ,703 

NMR(CDCl3)5 values: 1.4-1 .9(8H,m), 2.49(2H,t.J=7Hz), 2.8-3.0(2H,m), 2.98(2H.t,J=7Hz), 3.4-3.6(1 H,m), 3.46 
(2H.t,J=6Hz), 3.5-3.7{4H,m). 3.8-3.9(1 H.m), 4.2-4.4(1 H,m). 4.5-4.6(1 H.m). 7.21(1 H.dd.J=2,8H2). 7.28(1 H.dd, 
J=1.6Hz), 7.41(1H,d.J=6Hz), 7.6-7.7(1 H.m). 7.78(1 H.d.J=8Hz) 

Example 107 

Production of 1 -{3-[2-(1 -ben2othiophen-5-yl)ethoxy]propyl}-3-azetidinyl=pivalate 



[0373] In 3.75 mL of dimethyl sulfoxide was dissolved 0.75 g of 5-[2-(3-bromopropoxy)ethyl]-1 -benzothiophene, and 
0,63 g of sodium hydrogencarbonate and 0.73 g of 3-azetldlnyl=plvalate hydrochloride were added to the solution, 
after which the resulting mixture was stirred at 70''C for 4 hours. After the reaction mixture was cooled, 20 mL of water 
and 15 mL of ethyl acetate were added thereto and the organic layer was separated. The organic layer was washed 
with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then 
distilled under reduced pressure to remove the solvent. The residue was purified by a column chromatography (eluent; 
toluene: ethyl acetate = 1 : 1 to 1 : 5) to obtain 0.78 g of 1 -{3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl]-3-azetidl- 
nyl=:pivalate as a light-yellow oil. 

Example 108 

Production of 1 -{3-[2-{1 -benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)azetidine 



[0375] In 15 mL of water was suspended 2.69 g of 3-(trityloxy)azetidine hydrochloride, and 20 mL of ethyl acetate 
was added thereto, after which the pH was adjusted to 9 with a 2 mol/i aqueous sodium hydroxide solution and the 
organic layer was sejDarated. The organic layer was washed with waterand then asaturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. 
The resulting residue was dissolved in 10 mL of dimethyl sulfoxide, and to the resulting solution were added 0.80 g of 
sodium hydrogencarbonate and 2.00 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]propyl=methanesulfonate, followed by 
stirring at SO^C for 3 hours. To the reaction mixture were added 20 mL of water and 20 mL of ethyl acetate, and the 
organic layer was separated. 

The organic layer was washed with waterand then a saturated aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was purified by a 
column chromatography (eluent; toluene : ethyl acetate = 3 : 1 to 1 : 3) to obtain 2.89 g of 1-{3-[2-(1-benzothiophen- 
5-yl)ethoxy]propyl}-3-(trityloxy)azetidine as a light-yellow oil. 
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Example 109 

Production of 1 ^3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-a2etidinyI=acetate 
5 [0376] 



10 




[0377] In 1 5 mL of tetrahydrof uran was dissolved 1 .50 g of 1 -{3-[2-(1 -ben20thiophen-5-yl)ethoxy]propyl}-3-azetidinol, 
15 and 0.73 mL of acetic anhydride and 0.06 mL of a boron trifluoride-diethyl ether complex were added thereto under 
ice-cooling, after which the resulting mixture was stirred at room temperature for 1 hour. Ethyl acetate and a saturated 
aqueous sodium hydrogencarbonate solution were added to the reaction mixture and the organic layer was separated. 
The organic layer was washed with water and then a saturated aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was purified by a 
20 column chromatography (eluent; chlorofomi : methanol = 100 : 1 to 50 : 1) to obtain 1 .63 g of 1 -{3-[2-(1 -benzothlophen- 
5-yl)ethoxy]propyl}-3-azetidinyl=acetate as a light-yellow oil. 
IRtneaQcm-"* : 2941 ,2859, 1 741 ,1 375,1 239,1 1 09,756703 

NMR(CDCl3)5 values: 1 .5-1 .7(2H,m), 2.06(3H,s), 2.49(2H,t,J=7Hz), 2.9-3.1 (4H,m), 3.46(2H,t,J=6Hz), 3.5-3.7 
(2H,m), 3.66(2H,t.J=7Hz), 4,9-5.1 (IH.m), 7.21{1H,dd,J=1 ,8Hz), 7.28(1 H,d,J=5Hz), 7.42(1 H,d,J=5Hz), 7.6-7.7(1 H,m). 
25 7.79(1 H.d.J=8Hz) 

Example 110 

Production of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyI}-3-azetidinyl=acetate oxalate 

30 

[0378] 



35 ^ >-OAc 





40 [0379] In the same manner as in Example 93, 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinyl=acetate 
oxalate was obtained. 

IR(KBr)cm-'' : 2862 . 1 745 , 1 253, 1 1 08,71 1 

NMR(DMSO-d6)6 values: 1 .6-1 .8(2H,m). 2.06(3H,s), 2,92(2H,t,J=7Hz). 3.05(2H,t.J=7Hz). 3.43(2H,t,J=6Hz), 
3.62(2H.t,J=7Hz). 3.8-4.0(2H,m), 4.2-4. 3 (2H.m), 5.0-5.2(1 H.m), 7.26(1 H.dd.J=1 ,8Hz), 7.40(1 H,d,J=6Hz), 7.7-7.8(2H. 
45 m). 7.91(1H.d.J=:8Hz) 

Example 111 

Production of H3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol maleate 

50 

[0380] 
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[0381] In 2.6 mL of isopropanol was suspended 1.30 g of 1 -{3-[2-(1 -benzothiophen-6-yl)ethoxy]propyl]-3-azetidl- 
nyl^pivaiate nnaleate, and 2.1 nnL of a 5 mol/L aqueous sodium hydroxide solution was added thereto at 20^C» after 
which the resulting mixture was stirred at room temperature for 6 hours. Water and ethyl acetate were added to the 
reaction mixture, and the organic layer was separated and then washed successively with water and a saturated aque- 
5 ous sodium chloride solution. To the organic layer was added 0.29 g of maleic acid, and the resulting mixture was 
heated to effect dissoiution, after which the solvent was distilled off under reduced pressure. To the resulting residue 
were added 5.2 mL of ethyl acetate and 1 .3 mL of isopropanol, and the resulting mixture was stirred at room temperature 
for 30 nriinutes and then under ice-cooling for 1 hour. The crystals precipitated were collected by filtration to obtain 0.76 
g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-a2etidlnol maleate as colorless crystals. 

10 

Example 112 

Production of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidinol maleate 
15 [0382] 



33 



40 



45 




N^>-OBz 




20 



25 [0383] In 10 mL of isopropanol was suspended 2.00 g of 1 -{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-azetidi- 
nyl=benzoate maleate, and 7.82 mL of a 2 mol/L aqueous sodium hydroxide solution was added thereto, after which 
the resulting mixture was stirred at room temperature for 1 hour. Water and ethyl acetate were added to the reaction 
mixture and the organic layer was separated. The organic layer was washed with water and then a saturated aqueous 
sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove 

30 the solvent. To the residue was added 0.43 g of maleic acid, and crystallization from ethyl acetate-isopropanol (4:1, 
1 0 mL) was carried out to obtain 1 59 g of 1 -(3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl}-3-azetldinol maleate as color- 
less crystals. 



Example 113 

Production of 1-{3-[2-(1-benzothlophen-5-yl)ethoxy]propyl}-3-azetldlnol maleate 
[0384] 




[0385] In 4 mL of chloroform was dissolved 0.83 g of 1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}-3-(trityloxy)aze- 
tidine, and 1 .66 mL of a 4.75 mol/L dried hydrogen chloride-ethanol solution was added thereto, afterwhich the resulting 
mixture was stirred at room temperature for 6 hours. Water and chlorofomi were added to the reaction mixture and the 

50 aqueous layer was separated. Ethyl acetate was added to the aqueous layer and the pH was adjusted to 1 0 with a 5 
mol/L aqueous sodium hydroxide solution, afterwhich the organic layer was separated. The organic layer was washed 
with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then 
distilled under reduced pressure to remove the solvent. To the residue was added 0.11 g of maleic acid, and crystalli- 
zation from ethyl acetate-isopropanol (4:1,5 mL) was canried out to obtain 0.33 g of 1 -{3-[2-(1 -benzothiophen-5-yl) 

55 ethoxy)propyt}-3-azetidinol maleate as colorless crystals. 
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Reference Example 1 

Production of 3-[2-(1-ben20thiophen-4-yl)ethoxy]-1-propanol 
5 [0386] 



10 




[0387] In a mixture of 2.2 mL of toluene and 8.8 mL of a 50% (WA^) aqueous sodium hydroxide solution was sus- 
pended 2.2 g of 2-(1 -benzothiophen-4-yl)-1 -ethanol, followed by adding thereto 4.41 g of 2-{3-chloropropoxy)tetrahy- 

15 dro-2H-py ran and 0.42 g of tetra-n-butylammonium hydrogens ulf ate, and the resulting mixture was heated under reflux 
for 2 hours. After the reaction mixture was cooled, water and toluene were added thereto and the organic layer was 
separated. The organic layer was washed with water and then a saturated aqueous sodium chloride solution, and dried 
over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 6.50 g of a 
mixture of 2-{3-[2-(1 -benzothiophen-4-yl)ethoxy]propoxy}tetrahydro-2H-pyran and 2-{3-chloropropoxy)tetrahydro-2H- . 

20 pyran as a light-brown oil. 

[0388] In 8.0 mL of methanol was dissolved 6.50 g of this mixture, followed by adding thereto 8.0 mL of water and 
0.70 g of p-toluenesulfonic acid monohydrate, and the resulting mixture was stirred at room temperature for 12 hours. 
Ethyl acetate and a saturated aqueous sodium hydrogencarbonate solution were added to the reaction mixture and 
the organic layer was separated. The organic layer was washed with water and then a saturated aqueous sodium 

25 chloride solution, dried over anhydrous magnesium sulfate: and then distilled under reduced pressure to remove the 
solvent. The residue was purified by a column chromatography (eluent; toluene : ethyl acetate = 4 : 1 to 3 : 1) to obtain 
1.42 g of 3-[2-(1-benzothiophen-4-yl)ethoxy]-1-propanol as an oil. 
IR(neat)cm-i: 3394,2943,2867,1413,1110,761 

NMR(CDCl3)5 values: 1 .81{2H.qn,J=6Hz). 2.1(1H.brs). 3.26(2H,t,J=7Hz). 3.63(2H,t,J=6Hz), 3.69(2H.t.J=7Hz). 
30 3.76(2H,t,J=:6Hz). 7.0-7.4(2H,m), 7.45(2H,s). 7.77(1 H.dd,J=2,7Hz) 



Reference Example 2 

[0389] The following compounds were obtained in the same manner as in Reference Example 1 . 

35 

• 3-[2-{1 -Benzothlophen-2-yl)ethoxy]-1 -propanol 

NMR(CDCl3)5 values: 1 .68(1H.brs), 1 .86(2H,qn.J=6Hz). 3.17(2H,t,J=6Hz). 3.67(2H,t,J=6Hz), 3.76(4H.t, 
j=6Hz). 7.07(1 H,s), 7.2-7.4(2H,m), 7.67(1 H,d,J=8Hz). 7.77(1 H,d,J=8Hz) 

• 3-[2-(1 -Benzothiophen-3-yl)ethoxy]-1 -propanol 

40 IR(neat)cm-"' : 3395,2942,2867,1 427,1 1 1 3,762,732 

NMR(CDCl3)5 values: 1 .83(2H,qn,J=6Hz). 2.27(1 H.t,J=6Hz), 3.13(2H,t,J=7Hz). 3.65(2H,t,J=6Hz), 3.74(2H, 
t,J=6Hz). 3.78(2H.t.J=7Hz), 7.18(1H.s). 7.34(1 H.dt,J=1 JHz). 7.39(1 H,dt.J=1 .7Hz). 7.76(1 H.dd.J=1 .7Hz). 7.86 

(1H.dd,J=1.7Hz) 

• 3-[2-(1-Benzothiophen-5-yl)ethoxy]-1 -propanol 

45 IR(neat)cm-l : 3398.2939,2866.1 438.1 1 1 0,704 

NMR(CDCl3)5 values: 1 .82(2H.qn,J=6Hz), 2.29(1 H.t.J=6Hz). 3.00(2H,t,J=7Hz). 3.64(2H,t,J=6Hz). 3.71 (2H, 
t.J=7Hz). 3.73{2H,q,J=6Hz), 7.22(1 H.dd,J=1 ,8Hz). 7.28(1 H,d.J=5Hz), 7.42(1 H.d,J=5Hz). 7.66(1 H.d,J=1 Hz), 7.80 
(1H,d.J=8Hz) 

• 3-[2-(1 -Ben20thiophen-6-yl)ethoxy]-1 -propanol 

50 IR(neat)cm-"': 3389,2942.2865.1397,1111.819,693 

NMR(CDCl3)5 values: 1 .82{2H.qn.J=6Hz), 2.24(1 H.t,J=6Hz). 3.00(2H,t.J=7Hz), 3.64(2H.t,J=6Hz). 3.71 (2H. 
t.J=7Hz), 3.74(2H,q.J=6Hz), 7.21 (1 H,d,J=8Hz), 7.28(1 H.d.J=5Hz). 7.38(1 H.dJ=5Hz), 7.70(1H.s). 7.75(1H.d, 
J=8Hz) 

• 3-[2-(1 -Benzothiophen-7-yl)ethoxy]-1 -propanol 

55 
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Reference Example 3 



Production of 4-[2-(3-chloropropoxy)ethyl]-1-benzothiophene 



[0390] 




OH 




a 



[0391] In 7.0 mL of methylene chloride was dissolved 1 .40 g of 3-[2-{1-benzothiophen-4-yl)ethO)cy]-1-propanol, fol- 
lowed by adding thereto 1.10 mL of thionyl chloride and 0.05 mL of N.N-dimethylformamide, and the resulting mixture 
was heated under reflux for 5 hours. Then, the solvent was distilled off under reduced pressure. The residue was 
purified by a column chromatography (eluent; hexane : ethyl acetate = 20 : 1 ) to obtain 1 .43 g of 4-[2-(3-chloropropoxy) 
ethyl]-1-benzothiophene as a yellow oil. 
IR(neat)cm-'': 2867.1413.1113,760 

NMR(CDCl3)6 values: 1.99(2H,qn,J=:6H2), 3.23(2H,t,J=7Hz), 3.68(2H.t,J=6H2). 3.59(2H,tJ=6Hz). 3.75(2H,t, 
J=7Hz), 7.18(1H.dd,J=2,7Hz). 7.29(1 H,t.J=7Hz), 7.1-7.3(2H,m). 7.45{2H,s), 7.76(1 H,dd,J=2,8Hz) 

Reference Example 4 

[0392] The following compounds were obtained in the same manner as in Reference Example 3. 

• 2-[2-(3-Chloropropoxy)ethyl]-1 -benzothiophene 

NMR(CDCl3)5 values; 2.04(2H.qn,J=6Hz), 3.1 6(2H.t,J=7Hz), 3.62(2H,t,J=6Hz). 3.66(2H.t,J=6Hz), 3.75(2H, 
t,J=7Hz). 7.06(1H,S), 7.26(1 H,dt,J=1,7Hz), 7.30(1 H,dt.J=1 ,7Hz), 7.67(1 H,dd,J=1 ,7Hz), 7.77(1 H,dd.J=1 .7Hz) 

• 3-[2-(3-Chloropropoxy)ethyl]-1 -benzothiophene 

IR(neat)cm-i: 2885,1427,1115,762.732 

NMR(CDCl3)5 values: 2.02(2H.qn J=6Hz), 3.13(2H,t,J=7Hz), 3.61 (2H,t,J=6Hz), 3.62(2H,t,J=6Hz), 3.79(2H, 
t;J=7Hz), 7.19(1H,s), 7.34(1 H,dt,J=1,7H2), 7.39(1 H,dt,J=1 ,7Hz), 7.77(1 H.dd,J=1 ,7Hz), 7.86(1 H,dd,J=1 .7Hz) 

• 5-[2-(3-Chloropropoxy)ethyl]-1 -benzothiophene 

IR(neat)cm-'> : 2864,1 438, 1 1 1 3,756,701 

NMR(CDC!3)5 values: 2.01 (2H,qn,J=6Hz). 3.00(2H,t,J=7Hz), 3.59(2H,t.J=6Hz), 3.61(2H.t,J=6Hz). 3.70(2H, 
t,J=7Hz). 7.22(1 H.dd,J=1 .8Hz), 7.28(1 H,d,J=5Hz), 7.42(1 H,d,J=5Hz), 7.68(1 H,d,J=1H2), 7.79(1 H,d,J=8Hz) 

• 6-[2-(3--Chloropropoxy)6thyl]-1 -benzothiophene 

IR(neat)cm-"': 2864,1113,820,761,695,652 

NMR(CqCl3)5 values: 2.00(2H,qn J=6Hz), 3.00(2H,t,J=7Hz), 3.58(2H,t,J=6Hz), 3.61(2H,t,J=6H2), 3.70(2H, 
t.J=7Hz), 7.21(j1H,d,J=8Hz), 7.28(1 H,d,J=5H2), 7.37(1 H,d,J=5Hz), 7.72(1 H,s). 7.73(1 H,d,J=8Hz) 

• 7-[2-(3-Chloro|3ropoxy)ethyl]-1 -benzothiophene 

IR(neat)cm-'' : 2866, 1 460, 1 395,1 1 1 5.795.701 

NMR(CDCl3)6 values: 2.00(2H,qn J=6Hz). 3.17(2H,t,J=7Hz), 3.60(4H,t.J=6Hz). 3.82(2H,t,J=7H2). 7.20(1 H, 
d,J=8Hz), 7.33(1 H,t,J=8Hz), 7.35(1 H,d,J=5H2). 7.42(1 H,d,J=5Hz), 7.70(1 H,d,J=8Hz) 

Reference Example 5 

Production of 3-[2-(1 -benzothiophen-5-yl)ethoxy]propyl=methanesulfonate 



[0393] 
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[0394] In 1 6.8 mL of methylene chloride was dissolved 2.03 g of 3-[2-(1 -benzothlophen-5-yl)ethoxy]-1 -propanol, and 
to the solution were added 2.43 mL of methanesulfonyl chloride, 4,37 mL of triethylamlne and 0,10 g of 4-(dlmethyl- 
am in o) pyridine under ice-cooling, after which the resulting mixture was stirred at the same temperature for 30 minutes 
and then at room temperature for 12 hours. Methylene chloride and water were added to the reaction mixture and the 

5 organic layer was separated. The organic layer was washed with water and then asalurated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. 
The residue was purified by a column chromatography (eluent; hexane : ethyl acetate = 5 : 1) to obtain 1.40 g of 
3-[2-(1-benzothiophen-5-yl)ethoxy]propyl=methanesulfonate. 
IR(neat)cm-'»: 2937,2866,1352,1174,1114.943,705,529 

10 NMR(CDCl3)5 values: 1 .97(2H.qn,J=6Hz). 2.81 (3H,s), 2.98(2H.t,J=7Hz), 3.54(2H,t.J=6Hz). 3.70(2H,t,J=6Hz), 

4.26(2H,t,J=7Hz), 7.20(1 H,dd,J=1 ,8Hz), 7.28(1 H,d,J=5Hz), 7.42(1 H,dJ=5Hz), 7.65(1 H,d,J=1 Hz). 7.79(1 H,d,J=8Hz) 

Reference Example 6 

15 Production of 2-[2-(6-methoxy-1 -benzofuran-5-yl)ethoxy]acetic acid and 2-{2-(5-methoxy-1 -benzofuran-6-yl)ethoxy] 
acetic acid 

(1) Production of 2,4-dimethoxyphenethyb=acetate 
20 [0395] 




30 [0396] In 150 mL of methylene chloride was dissolved 15.0 g of 2-(2,4-dimethoxyphenyl)-1 -ethanol, and to the so- 
lution were added 9.32 mL of acetic anhydride, 1 3.8 mL of triethylamlne and 0.1 0 g of 4-(dimethylamino)-pyridine under 
ice-cooling, after which the resulting mixture was stin-ed at the same temperature for 30 minutes and then at room 
temperature tor 12 hours. Water was added to the reaction mixture and the pH was adjusted to 1 .5 with 6 mol/L hy- 
drochloric acid, after which the organic layer was separated. The organic layer was washed with water and then a 

35 saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced 
pressure to remove the solvent. The residue was purified by a column chromatography (eluent; hexane : ethyl acetate 
= 5 : 1) to obtain 17.2 g of 2,4-dimethoxyphenethyl=acetate as a colortess oil. 
IR(neat)cm-"» : 2958, 1 736, 1 509,1 243.1 035,834 

NMR(CDCl3)5 values: 2.03 (3H, s) , 2. 87 (2H, t, J=7H2) , 3.80(6H,s), 4.22(2H,t, J=7Hz), 6.41 (1 H,d.J=9hl2), 6.46 
40 (1 H,s), 7.05(1 H,d,J=9H2) 

[0397] In the same manner as above, 2,5-dimethoxyphenethyl=acetate was obtained. 
IR(neat)cm-"«: 2952.1736,1502,1226,1048,802.710 

NMR(CDCl3)5 values: 2.01(3H,s). 2.90(2H,t.J=7Hz), 3.74(3H.s), 3.76(3H,s), 4.25(2H,t.J=7Hz). 6.74(3H,s) 
45 (2) Production of 5-acetyl-2,4-dimethoxyphenethyl=acetate 
[0398] 




[0399] In 170 mL of methylene chloride was dissolved 17.0 g of 2,4-dimethoxyphenethyl=acetate, and 5.93 mL of 
acetyl chloride and 12.1 g of aluminum chloride were added to the solution under ice-cooling, after which the resulting 
mixture was stirred at the same temperature for 1 hour. The reaction mixture was poured into ice water and the organic 
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layer was separated. The organic layer was washed with water and then a saturated aqueous sodium chloride solution, 
dried over anhydrous nnagnesium sulfate, and then distilled under reduced pressure to remove the solvent. Diisopropyl 
ether was added to the residue and the crystals precipitated were collected by filtration, washed with diisopropyl ether 
and then dried to obtain 13.9 g of 5-acetyl-2,4-dimethoxy-phenethyl=acetate as yellow crystals. 

NMR(CDCl3)5 values: 2.01 (3H, S) , 2.57(3H,S). 2.88(2H,t.J=7Hz), 3.90(3H.s). 3.93(3H,s). 4.21 (2H,t.J=7H2). 6.42 
(IH.s), 7.68(1 H.s) 

[0400] In the same manner as above, 4-acetyl-2,5-dimethoxyphenethyl=acetate vyas obtained. 

(3) Production of 5-acetyl-4-hydroxy-2-metho>cyphenethyl=acetate 

[0401] 




20 [0402] In 70 mL of acetonitrile was dissolved 13.9 g of 5-acetyl-2,4-dimethoxyphenethyi=acetate. and 13.9 g of alu- 
minum chloride and 7.82 g of sodium iodide were added to the solution under ice-cooling, after which the resulting 
mixture was stirred at SO^C for 3 hours. The reaction mixture was poured into ice water and to the resulting mixture 
was added ethyl acetate, after which the organic layer was separated. The organic layer was washed with water and 
then a saturated aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. The solvent was 

2^ distilled off under reduced pressure to obtain 1 3.3 g of 5-acetyl-4-hydroxy-2-methoxyphenethyl=acetate as a yellow oil. 
[0403] In the same manner as above, 4-acetyl-5-hydroxy-2-methoxyphenethyl=acetate was obtained. 

(4) Production of 1-[2-hydroxy-5-(2-hydroxyethyl)-4-methoxyphenyl]-1-ethanone 

30 [0404] 



35 




In 30 mL of ethanol was dissolved 13.3 g of the aforesaid 5-acetyl-4-hydroxy-2-methoxyphenethyl=acetate, and to the 
^0 solution was added 21 mL of a5 mol/L aqueous sodium hydroxide solution, after which the resulting mixture was stinted 
at room temperature for 1 7 hours. Water and ethyl acetate were added to the reaction mixture and the pH was adjusted 
to 1 with 6 moI/L hydrochloric acid, after which the organic layer was separated. The organic layer was washed with 
water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then 
distilled under reduced pressure to remove the solvent. Diisopropyl ether was added to the residue, and the crystals 
. 45 precipitated were collected by filtration, washed with diisopropyl ether and then dried to obtain 8.30 g of 1 -[2-hydroxy- 
5-(2-hydroxyethyl)-4-m6thoxyphenyO-1-ethanone as yellow crystals. 

[0405] In the same manner as above, 1 -[2-hydroxy-4-(2-hydroxyethyl)-6-methoxyphenyl]-1 -ethanone was obtained. 

NMR(CDCl3)5 values: 1 .6-1 .8(1 H,m), 2.61 (3H,s). 2.90(2H.t,J=7H2), 3.8-4.1 (2H,m), 3.84(3H,s), 6.84(1 H,s), 7.06 
(1H,s), 11.98(1H,s) 



55 



67 



EP 1 437 353 A1 



(5) Production of 2-bromo-1-[2-hydroxy-5-{2-hydroxyethyl)-4-methoxyphenyl]-1-ethanone 



[0406] 



5 



AC. 




10 



[04071 In 1 00 mL of methylene chloride was dissolved 1 0.0 g of 1 -[2-hydroxy-5-(2-hydroxyethyl)-4-methoxyphenyl]- 
1-ethanone, and 2.94 mL of bromine was added dropwise to the solution, after which the resulting mixture was stin-ed 
at room temperature for 1 hour The reaction mixture was poured into ice water and the organic layer was separated. 
ts The organic layer was washed with water and then a saturated aqueous sodium chloride solution, and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to obtain 16.4 g of 2-bromo- 
1-[2-hydroxy-5-(2-hydroxyethyl)-4-methoxyphenyl]-1-ethanone as a yellow oil. 

[0408] In the same manner as above, 2-bromo-1 -[2-hydroxy-4-(2-hydroxyethyl)-5-methoxyphenyl]-1 -ethanone was 
obtained. 

20 IR(neat)cm-'': 3376,2941,1644,1496,1243,1034,757, 690 

NMR(CDCl3)5 values: 1.5-1 .8(1 H,m). 2.91(2H,t,J=7Hz), 3.8-4. 1(2H,m), 3.85(3H.s) 4.40(2H.s). 6.89(1 H,s). 7.07 
(1H.S) 11.51(1H,s) 

(6) Production of 2-(6-methoxy-1-benzofuran-5-yl)-1-ethanol 



35 [041 0] In 70 mL of methanol was dissolved 1 6.4 g of the aforesaid 2-bromo-1 -[2-hydroxy-5-(2-hydroxyethyl)-4-meth- 
oxyphenyl]-l -ethanone, and 1 7.3 g of sodium acetate was added to the solution, after which the resulting mixture was 
heated under reflux for 5 minutes. After the reaction mixture was cooled, water and ethyl acetate were added thereto 
and the organic layer was separated. The organic layer was washed with water and then a saturated aqueous sodium 
chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the 

40 solvent. The residue was dissolved in 150 mL of methanol and to the resulting solution was added 6.30 g of sodium 
borohydride in small portions, after which the resulting mixture was stirred at room temperature for 1 hour. Then, the 
resulting solution was adjusted to pH 1 with 6 mol/L hydrochloric acid and stirred at room temperature for another 1 
hour. The reaction mixture was concentrated under reduced pressure and water and ethyl acetate were added thereto, 
after which the organic layer was separated. The organic layer was washed with water and then a saturated aqueous 

45 sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove 
the solvent. The residue was purified by a column chromatography (eluent; hexane : ethyl acetate = 4 : 1) to obtain 
1 .48 9 of 2-(6-methoxy-1 -benzofuran'5-yl)-1-ethanol as light-yellow crystals. 

NMR(CDCl3)5 values: 1 .79(1 H.brs). 2.97(2H,t.J=7Hz), 3.84(2H,t,J=7Hz), 3.86(3H,s). 6.66(1 H,d.J=3Hz), 7.03 
(1H,s), 7.35(1 H.s). 7,51(1H,d,J=3Hz) 

50 [041 1 ] In the same manner as above, 2-(5-methoxy-1 -benzofuran-6-yl)-1 -ethanol was obtained. 



NMR(CDCl3)5 values: 2.04(1 H,brs), 2.98(2H,t,J=6Hz). 3.86(2H,t.J=6Hz). 3.86(3H.s). 6.68(1 H.d,J=2Hz). 7.02 
(1H.S), 7.31(1H,s), 7.55(1 H,d,J=2Hz) 



25 



[0409] 



30 
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(7) Production of 2-[2-(6-methoxy-1 -benzofuran-6-yl)ethoxy]acetic acid 
[0412] 



[0413] In a mixture of 7.0 mLof tert-butanoland 1 .75 mLof N,N-dimethylfomnamide was dissolved 1 .75 gof 2-(6-meth- 
oxy-1-benzofuran-5-yl)-1-ethanol, and 2.2 g of 1 -chloroacetylpiperidlne and 1.54 g of potassium tert-butoxide were 
added to the solution under Ice-cooling, after which the resulting mixture was stirred at the same temperature for 30 
minutes and then at the room temperature for 2 hours. Water and ethyl acetate were added to the reaction mixture 

IS and the pH was adjusted to 1 with 6 mol/L hydrochloric acid, after which the organic layer was separated. The organic 
layer was washed with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium 
sulfate, and then distilled under reduced pressure to remove the solvent. The residue was dissolved in 10.5 mL of a 
90% aqueous ethanol solution, followed by adding thereto 0.91 g of sodium hydroxide, and the resulting mixture was 
heated under reflux for 3 hours. After the reaction mixture was cooled, water and ethyl acetate were added thereto 

20 and the pH was adjusted to 1 with 6 mol/L hydrochloric acid, after which the organic layer was separated. The organic 
layer was washed with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium 
sulfate, and then distilled under reduced pressure to remove the solvent. Diisopropyl ether was added to the residue, 
and the crystals precipitated were collected by filtration, washed with diisopropyl ether and then dried to obtain 1 .42 g 
of 2-[2-(6-methoxy-1-benzofuran-5-yl)ethoxy]acetic acid as yellow crystals. 

2S IR(neat)cm-'»: 2939,1734,1426,1252,1200,1148,1094, 1022,771 

NMR(DMSO-d6)6 values: 2.88(2H,t,J=7Hz), 3.64{2H,t,J=7Hz), 3.82(3H,s). 4.01 (2H.s), 6.81 (1H.d.J=2Hz), 7.22 
(IH.s), 7.44(1 H,s). 7.82(1 H.d.J=2Hz) 

[0414] In the same manner as above, 2-[2-(5-methoxy-1 -benzofuran-6-yl)ethoxy]acetlc acid was obtained. 
IR(neat)cm-"«: 2942,1731,1466.1431,1249,1132,1013, 955,832,760 
30 NMR(DMSO-d6)5 values: 2.90(2H,t,J=7Hz), 3.66(2H,t,J=7Hz), 3.82{3H.s). 4.02(2H,s). 6.86(1 H,d,J=2Hz), 7.15 

(1H,s), 7.46(1 H,s), 7.88(1 H,d,J=2Hz) 

Reference Example 7 

35 Production of 3-[2-(1-benzothiophen-5-yl)ethoxy]propionic acid 

[0415] 





40 



(1) To 4.60 g of 2-(1-benzothiophen-5-yl)-1 -ethanol were added 29 mg of potassium hydroxide, 83 mg of tetra-n- 
45 butylammonlum bromide and 5.67 mL of tert-butyl acrylate, and the resulting mixture was stirred at 45 to 50°C for 

2 hours. After the reaction mixture was cooled, water and toluene were added thereto and the pH was adjusted 
to 1 with 6 mol/L hydrochloric acid, and the organic layer was separated. The organic layer was washed with water, 
dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The 
residue was purified by a column chromatography (eluent; hexane : ethyl acetate = 5 : 1 ) to obtain 7.70 g of tert- 
so butyl 3-[2-(1-benzothiophen-5-yl)ethoxy]propionate as a colorless oil. 

IR(neat)cm-i: 2978,2867,1729,1368.1159, 1112.702 

NMR(CDCl3)5 values: 1 .43(9H,s), 2.49(2H,t,J=6H2), 2.99(2H,t,J=:7Hz), 3.70(2H,t,J=6Hz), 3.70(2H,t,J=:7Hz), 
7.21(1H,dd,J=2,8Hz), 7.27(1 H,dd,J=1 ,5Hz), 7.41 (1H.d,J=5Hz), 7.6-7.7(1 H,m), 7.78(1 H,d,J=8Hz) 

S5 (2) in 22.8 mL of toluene was dissolved 7.60 g of tert-butyl 3-[2-(1 -benzothiophen-5-yl) ethoxy]propionate, and 94 

mg of p-toluenesullonic acid monohydrate was added thereto, after which the resulting mixture was refluxed for 6 
hours. After the reaction mixture was cooled, water and ethyl acetate were added thereto and the organic layer 
was separated. The organic layer was dried over anhydrous magnesium sulfate and distilled under reduced pres- 
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sure to remove the solvent. The residue was crystallized from a toluene-cyclohexane mixture (1 :4, 23 mL) to obtain 
5.30 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]propionic acid as light-red crystals. 
I R(KBr)cm-'» : 2860 ,1719,1 273, 1 1 28,706 

NMR(CDCl3)6 values: 2.63(2H.t,J=6Hz). 3.00(2H.t.J=7Hz). 3.73(2H.t.J=7Hz). 3.74(2H.t.J=6Hz). 7.20(1 H. 
dd.J=:1,8Hz), 7.28(1 H.dd,J=1,5Hz). 7.41(1 H.d.J=6Hz). 7.6-7.7(1 H,m). 7.79(1 H,d.J=8Hz) 

Reference Example 8 

Production of 3-[2-(1-benzothiophen-5-yl)ethoxy]propionlc acid 
[0416] 





20 (1 ) To 2.00 g of 2-(1 -benzothiophen-5-yl)-1 -ethanol were added 1 3 mg of potassium hydroxide, 36 mg of tetra-n- 

butytammonium bromide and 1.11 mL of acrylonitrile, and the resulting mixture was stirred at 45°C for 3 hours. 
After the reaction mixture was cooled, water and ethyl acetate were added thereto and the pH was adjusted to 1 
with 2 mol/L hydrochloric acid. The insoluble materials were removed and then the organic layer was separated. 
The organic layer was washed with water and then a saturated aqueous sodium chloride solution, dried over 

25 anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent. The residue was 

purified by a column chromatography (eluent; hexane : ethyl acetate = 3 ; 1) to obtain 2.46 g of 3-[2-(1 -benzothi- 
ophen-5-yl)ethoxy]propiono-nitrile as a colorless oil. 
IR(neat)cm-'»: 2870,2251 .1114.757,704 

NMR(CDCl3)5 values: 2.58(2H,t,J=6Hz). 3.02(2H,t,J=7H2). 3.66{2H,t,J=6Hz), 3.75(2H.t,J=7H2). 7.22(1 H.d. 
30 J=8Hz), 7.29(1 H,d,J=5Hz), 7.42(1 H,d,J=5H2). 7.68(1 H.s). 7.80(1 H,d,J=8Hz) 

(2) In 0.6 mL of acetic acid was dissolved 200 mg of 3'[2-(1-benzothiophen-5'yl)ethoxy]propiononltrile, followed 
by adding thereto 0.4 mL of water and 0.184 mL of sulfuric acid, and the resulting mixture was stirred at 90 to 
1 00'*C for 1 hour. Afterthe reaction mixture was cooled, water and ethyl acetate were added thereto and the organic 
35 layer was separated. The organic layer was washed with water and then a saturated aqueous sodium chloride 

solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove the solvent 
The residue was purified by a column chromatography (eluent; toluene : ethyl acetate = 3 : 1) to obtain 140 mg of 
3-[2-(1-benzothiophen-5-yi)ethoxy]propionic acid as colorless crystals. 

40 Reference Example 9 

Production of 3-[2-(1-benzothiophen-5-yl)ethoxy]-1-propanol 

[0417] 

45 



COOH 



50 





[0418] In 8 mL of tetrahydrofuran was dissolved 2.00 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]-1 -propionic acid, and 
1 .31 mL of triethylamine was added thereto. Then, the resulting solution was cooled to -25''C, after which a solution 
55 of 0.88 mL of ethyl chlorofonnate in 2 mL of tetrahydrofuran was added dropwise thereto, and the resulting mixture 
was stirred at 5'C for 1 hour. To the reaction mixture were added 15 mL of ethyl acetate and 10 mL of a saturated 
aqueous sodium chloride solution, and the organic layer was separated. After the organic layer was cooled to 5°C, 
0.36 g of sodium borohydride was added thereto and the resulting mixture was stirred at room temperature for 1 hour. 
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To the reaction mixture were added 20 mL of water and 1 0 mL of ethyl acetate, and the organic layer was separated. 
The organic layer was washed successively with a 1 mol/L aqueous sodium hydroxide solution, water and a saturated 
aqueous sodium chloride solution, and then dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure to obtain 1 .89 g of 3-[2-(1 -ben2othiophen-5-yl)ethoxy]-1 -propanol as a yellow oil. 

Reference Example 10 

Production of 5-[2-(3-bromopropoxyyethyl]-1-ben2othiophene 



[0420] In 40 mL of methylene chloride was dissolved 2.00 g of 3-[2-(1-benzothiophen-5-yl)ethoxy]-1 -propanol, and 
5.55 g of triphenylphosphine was added to the solution, after which a solution of 8.42 g of carbon tetrabromide in 10 
mL of methylene chloride was added dropwise thereto under ice-cooling and the resulting mixture was stirred at room 
temperature for 20 minutes. To the reaction mixture was added 20 mL of water, and the organic layer was separated. 
The organic layer was washed with a saturated aqueous sodium hydrogencarbonate solution and then a saturated 
aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure 
to remove the solvent. Diethyl ether was added to the residue and the insoluble materials were filtered off, after which 
the solvent was distilled off under reduced pressure. The residue was purified by a column chromatography (eluent; 
hexane : ethyl acetate = 20 : 1 to 10 : 1) to obtain 1 .93 g of 5-[2-(3-bromopropoxy)ethyl]-1-benzothiophene as a color- 
less oil. 

I R(neat)cm-'> : 2863 , 1 437 , 1 11 2 , 1 05 1 , 70 1 

NMR(CDCl3)6 values: 2.0-2.2(2H,m). 3.00(2H.t,J=7Hz), 3.48(2H,t,J=6Hz), 3.58(2H,t.J=6H2), 3.70(2H,t.J=7Hz), 
7.22(1 H,dd,J=1,8Hz), 7.28(1 H,dd.J=1 ,5Hz), 7.42(1 H,d,J=5Hz), 7.8-7.7(1 H,m). 7.79(1 H,d,J=8H2) 

Reference Example 11 

Production of 3-azetidinyl=pivalate hydrochloride 



(1) In a mixture of 200 mL of toluene and 100 mL of tert-butanol was dissolved 50.0 g of 1-[(1R)-1-phenylethyl] 
azetidin-3-ol, and 41.2 g of potassium tert-butoxide was added thereto in small portions under ice-cooling, after 
which the resulting mixture was stirred at the same temperature for 1 .5 hours. Under ice-cooling, 41 .7 mL of pivaloyi 
chloride was added dropwise to the reaction mixture and stirred at the same temperature for 30 minutes. The 
reaction mixture was poured into 300 mL of water and the insoluble materials were filtered off, after which the 
organic layer was separated. The organic layer was washed with water and then a saturated aqueous sodium 
chloride solution, dried over anhydrous magnesium sulfate, and then distilled under reduced pressure to remove 
the solvent. The oil thus obtained was dissolved in 200 mL of ethyl acetate, and 258 mL of a 1 .15 mol/L dried 
hydrogen chloride-ethyl acetate solution was added thereto at 1 0°C and stirred at the same temperature for 20 
minutes. The crystals precipitated were collected by filtration to obtain 70.8 g of 1-[(1 R)-1 -phenyiethy l]-3-azetidi- 
nyl=pivalate hydrochloride as colorless crystals. 

IR(KBr)cm-'' : 2963,2509.2436, 1 731 , 1 284, 1 1 61 ,699 

NMR(DMSO-d6)6 values: 1.16(9H,s), 1.49(3H,d,J=7Hz), 3.6-4.3(3H,m), 4.4-4. 7(2H,m), 4.9-5.2(1 H,m), 
7,3-7.5(3H.m). 7.6-7.7(2H.m) 
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(2) To a solution of 50.0 g of R)-1-phenylethyl]-3-azetidinyl=plvatate hydrochloride in 250 mL of ethanol was 
added 5 g of 10% palladium-activated carborii and the resulting mixture was stirred for 9 hours at 50°C and at> 
mospheric pressure under a hydrogen atmosphere. After cooling, the insoluble materials were filtered off and the 
solvent was distilled off under reduced pressure. A mixture of ethyl acetate and hexane (1 : 2) was added to the 
s residue and the crystals precipitated were collected by filtration to obtain 23.1 g of 3-azetldinyl=pivalate hydrochlo- 

ride as colorless crystals. 

IR(KBr)cm-^: 2988,1718,115,6,877,789 

NMRCCDCyS values: 1.23(9H.s), 4.0-4.2(2H.m), 4.3-4.6(2H.m), 6.2-5.4(1 H,m) 
10 Reference Example 12 

Production of 3-(trityloxy)azetidine hydrochloride 
[0422] 

15 



20 



OH 



AC 



OTr 



.OTf 



HO 



(1) In 50 mL of methylene chloride was dissolved 10.0 g of 1 -(3-hydroxy-1-azetidinyl)-1-ethanone, and 31.2 mL 
of 1 ,8-diazabicyclo[5,4,0]undec-7-ene and 29.1 g of trltyl chloride were added thereto under ice-cooling, after which 

25 the resulting mixture was stirred at room temperature for 1 hour. The reaction mixture was poured into 100 mL of 

ice water and the organic layer was separated. The organic layer was washed with diluted hydrochloric acid, water 
and a saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and then distilled 
under reduced pressure to remove the solvent. Diisopropyl ether was added to the residue and the crystals pre- 
cipitated were collected by filtration to obtain 21 .7 g of 1 -[3-(trityloxy)-1 -azetidinyl]-1 -ethanone as light-yellow crys- 

30 tats. 

IR(KBr)cm-"' : 1 646,1 450, 1 1 24,750,71 1 

NMR(CDCl3)5 values: 1.74(3H,s), 3.6-3. 8(4H,m), 4.4-4.5(1 H.m), 7.2-7.5(15H.m) 

(2) In 88 mL of methanol was suspended 22.0 g of 1-[3-(trityloxy)-1-azetidinyl]-1 -ethanone, followed by adding 
35 thereto 66 mL of a 5 mol/L aqueous sodium hydroxide solution, and the resulting mixture was refluxed for 9 hours. 

The reaction mixture was distilled under reduced pressure to remove the solvent, and 11 0 mL of water and 220 
mL of ethyl acetate were added to the residue, after which the organic layer was separated. The organic layer was 
washed with water and then a saturated aqueous sodium chloride solution, dried over anhydrous magnesium 
sulfate, and then distilled under reduced pressure to remove the solvent. The oil thus obtained was dissolved in 
40 154 mL of ethyl acetate, and to the resulting solution was added 25 mL of a 2.95 mol/L dried hydrogen chloride- 

ethyl acetate solution, after which the resulting mixture was stirred at room temperature. The crystals precipitated 
were collected by filtration to obtain 13.7 g of 3-(trityloxy)azetidlne hydrochloride as colorless crystals. 
IR(KBr)cm-"': 2900.2620,1447.751 ,700 

NMR(DMSO-d6)6 values: 3.4-3.6(4H,m), 4.3-4.5(1 H,m), 7.2-7.5(1 5H,m) 

45 

Reference Example 13 

Production of 3-(tetrahydro-2H-pyran-2-yloxy)azetidine hydrochloride 
50 [0423] 



OH oTHP <mp 
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(1) In 10 mL of methylene chloride was dissolved 1.00 g of 1 -(3-hydroxy-1 -a2etidinyl)-1 -ethanone, and 1,19 mL 
of 3,4-dihydro-2H-pyran and 0.08 g of p-toluenesulfonic acid monohydrate were added to the solution, after which 
the resulting mixture was stirred overnight at room temperature. To the reaction mixture was added 1 0 mL of water 
and the pH was adjusted to 8 with a saturated aqueous sodium hydrogencarbonate solution, after which the organic 

^ layer was separated. The organic layer was dried over anhydrous magnesium sulfate and distilled under reduced 

pressure to remove the solvent. The residue was purified by a column chromatography (eluent; 
chloroform--chloroform : methanol = 25 : 1) to obtain 1.79 g of 1-[3-(tetrahydro-2H-pyran-2-yloxy)-1-a2etidinyl]- 
1-ethanone as a yellow oil. 

lR(neat)cm-'> : 2946,2875, 1 654,1 458,1 1 38,1 036,971 

NMR(CDCl3)5 values: 1 ,5-1 .9(6H,m). 1 .87(3H,s) 3.4-3.6(1 H,m), 3.8-4.4(6H,m), 4.5-4.7(2H,m) 

(2) In the same manner as in Reference Example 12 (2). 3-(tetrahydro-2H-pyran-2-yloxy)a2etidine hydrochloride 
was obtained from 1 -[3-(tetrahydro-2H-pyran-2-yloxy)-1 -azetldinyl]-1 -ethanone. 

IR(KBr)cm-'' : 2956.2627. 1 036,976,91 5 
'5 NMR(DMSO.d6)5 values: 1 .4-1 .8(6H,m), 3.3-3.5(1 H,m), 3.7-4.2(5H,m), 4.4-4.7(2H,m) 

Reference Example 14 

Production of 1-{3-chloropropyl)-3-(trityloxy)a2etidine oxalate 

20 

^ [0424] 



P —a 

« -HCI . -(COOK) , 

(1) In 5 mL of dimethyl sulfoxide was dissolved 0.50 g of 3-(trityloxy)a2etidine hydrochloride, and to the solution 
were added 0.49 g of potassium carbonate, 0.35 g of potassium iodide and 0.22 mL of 1-bromo-3-chloropropane, 
after which the resulting mixture was stirred at room temperature for 2 hours. To the reaction mixture were added 
15 mL of water and 1 0 mL of ethyl acetate, and the organic layer was separated. The organic layer was washed 
with water and then a saturated aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. 

55 The solvent was distilled off under reduced pressure to obtain 1-(3-chloropropyl)-3-(trityloxy)azetidine. 

(2) In 1 0 mL of ethyl acetate was dissolved 1-(3-chloropropyl)-3-(trityloxy)azetidine, and to the resulting solution 
was added 0.15 g of oxalic acid, after which the resulting mixture was stirred at room temperature. The crystals 
precipitated were collected by filtration to obtain 0.39 g of 1-(3-chloropropyl)-3-(trityloxy)a2etidine oxalate. 

IR(KBr)cm*"« : 3033, 1 491 , 1 449, 1 1 39,706 

NMR(DMSO-d6)6 values: 1.7-1 .9(2H,m), 3.0-3.1 (2H,m), 3.5-3.7(6H.m). 4.3-4.5(1 H.m), 7.2-7.4(1 5H,m) 
Reference Example 15 

Production of 1 -(3-chloropropyl)-3-(tetrahydro-2H-pyran-2-yloxy)azetidine 

45 
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[0426] In the same manner as in Reference Example 1 4 (1 ), 1 -(3-chloropropyI)-3-(tetrahydro-2H-pyran-2-yloxy)aze- 
tidine was obtained from 3-(tetrahydro-2H-pyran-2-yloxy)a2etidine hydrochloride. 
IR(neat)cm-'': 2943,2834.1203.1038,975,914.871 
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NMR(CDCl3)5 values: 1 .4-1 .8(6H,m), 1 .8-1 .9(2H,m), 2.59(2H,t,J=7Hz), 2.8-3.0{2H,m), 3.4-3.5(1 H,m), 3.57(2H, 
tJ=7Hz). 3.6-3.7(2H,m), 3.8-3.9(1 H,m). 4.3-4.4(1 H.m), 4.5-4.6(1 H.m) 

Test Example 1 

5 

[Activity to accelerate neurlte outgrowth] 

[0427] PC12 cells [rat adrenomedullary chromaffinoma (NGF responders)] were cultured in an incubator (5% COg, 
37*C) by using RPM11640 medium (available from Nissul Phamnaceutical Co., Ltd.) containing 5% heat inactivated 

10 (56'*C, 30 minutes) horse serum (available from Bio-Whittaker Inc.), 5% heat inactivated (56°C, 30 minutes) fetal calf 
serum (available from Sigma Chemical Co.) and 25 fig/ml gentamicin (available from GIBCO BRL). 
[0428] The cultured PCI 2 cells were incubated at 37°C for 30 minutes in phosphate-buffered physiological saline 
containing 1 mM EDTA, to be detached from a culture flask. The concentration of the cultured PCI 2 cells was adjusted 
to 5 X 1 0^ cells/mL with RPMI1640 medium containing 1 .5% heat Inactivated horse senjm, 1 .5% heat inactivated fetal 

15 calf serum and 25 p^g/ml gentamicin, and the resulting cell suspension was dispensed in 2 ml portions into 35-mm 
tissue culture dishes (mfd. by Falcon Inc.) coated with 0.01% potyornithine [dissolved in 150 mM borate buffer (pH 
8.4)]. Then, 2.5s-NGF (available from Wako Pure Chemical Industries. Ltd.) [dissolved In phosphate-buffered physio- 
logical saline containing 0.1% bovine serum albumin] and each test compound were added to the medium at the same 
time so as to adjust theirfinal concentrations to 40 ng/mL and 1 0 M.M, respectively, followed by culturing under conditions 

20 of 5% COg and 37°C. After 48 hours of the culturing. cells were fixed In a 1 0% neutral formalin solution for 30 minutes, 
washed with phosphate-buffered physiological saline and distilled water, and then dried. Any four fields of view were 
selected under a phase contrast microscope, and 50 or more cells were observed in each field of view. The percentage 
of the number of cells having an neutrite extended to a length longer than the diameter of the cell body relative to the 
total number of cells observed (neutrite outgrowth rate) was calculated. 

25 [0429] The activity to accelerate neutrite outgrowth was calculated according to the following expression as a neutrite 
outgrowth acceleration rate attained by the addition of each test compound, by taking a neutrite outgrowth rate due to 
NGF as 100%: 



(neutrite outgrowth rate attained by addition 
of each test compound) / (neutrite outgrowth rate due 
to NGF) X 100 (%) 

35 

[0430] As a result, the neutrite outgrowth acceleration rate was found to be as follows: the compound of Example 2: 
265%, the compound of Example 6: 300%, the compound of Example 1 2: 299%, the compound of Example 1 4: 207%, 
the conrrpound of Example 29: 21 2%, the compound of Example 51 : 216%, the compound of Example 59: 241 %. the 
compound of Example 69: 233%, the compound of Example 71 : 183%, the compound of Example 74: 246%, the 
40 compound of Example 80: 1 90%, and the compound of Example 81 : 190%. 

Test Example 2 

[Activity to accelerate nerve regeneration] 

45 

[0431] The test was carried out according to the method described in J. Phannaco. Exp. Ther., Vol. 290, page 348 
(1999) and Neuroscience, vol. 88, page 257 (1999). 

SD strain rats (male, aged 6 to 7 weeks, and weighing 170 to 280 g) were anesthetized with pentobari^ital, and 
the left sciatic nen^e of each rat was exposed In the femoral region, separated from the surrounding connective tissue, 

50 and then cut at a distal position which was about 1 cm apart from the gluteus. The ends of the nerve were Inserted 
into a sterilized silicone tube with a length of 8 mm (Inside diameter 1 .3 mm, and outside diameter 1 .8mm) to a depth 
of 3.5 mm so that a space of 1 mm might be fomried in the middle of the tube. The ends of the nerve were fixed and 
the nerve was put back to the muscular tissue together with the tube, after which the incised part was sutured. On the 
seventh day, each test compound dissolved in distilled water was orally administered in a dose of 1 mg/kg, and thereafter 

55 the test compound was administered once a day for 13 days in the same manner as above. 

[0432] Twenty-one days after cutting the nerve, the sciatic nerve was exposed again under pentobarbital anesthesia, 
and the nerve in the femoral region and the crural region was separated from the surrounding connective tissues, after 
which the silicone tube at the cut part was removed. A stimulation electrode was set on the proximal side with respect 
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to the cut position, and a recording electrode was set at the most distal position in the crural region. An electric stimulus 
(voltage: 2 V, delay: 1 msec, and duration: 100 ^sec) was given, and an action potential induced by the stimulus was 
recorded. The recording electrode was gradually moved toward the proximal , and the distance between the cut position 
and the most distal position at which an action potential had been obtained was measured as regeneration distance. 
Only distilled water was administered to a control group. 

[0433] The sciatic nen/e regeneration rate of the test compound was calculated according to the following expression: 

(regeneration distance of dmg-treated group) 
/ (regeneration distance of control group) x 100 (%) 



[0434] As a result, the sciatic nerve regeneration rate was found to be as follows: the compound of Example 4: 1 67%, 
the compound of Example 10: 186%, the compound of Example 12: 142%, the compound of Example 14: 150%. the 
IS compound of Example 31 : 1 55%, and the compound of Example 33: 161%. 

Test Example 3 

[Activity to inhibit the neuronal death induced by Ap] 

20 

[0435] Inhibitory effect on the death of cultured neurons induced by Ap was investigated by modifying the method 
described in Brain Res., vol. 639, page 240 (1994). 

[0436] Cerebral cortices isolated from the brains of embryos (aged 17 to 19 days) of Wistar strain rats were sliced, 
and then neurons were dissociated by trypsin treatment. The cells were seeded into a 48-well tissue culture plate at 
25 a density of 1 x 1 0^ cells per well and cultured under conditions of 5% CO2 and 37**C on Dulbecco's modified Eagle's 
medium added B27 supplement (available from GIBCO BRL) and 3.6 mg/mL glucose. 

[0437] On the 12th to 1 3th day of the culture, a potassium chloride solution was added to the medium to adjust the 
final concentration of potassium chloride to 25 mmol/L. Immediately after this addition, each test compound was added 
to the medium. After 24 hours, Ap (a peptides comprising 25 to 35 residues) dissolved in distilled water was added to 

30 the medium at a final concentration of 20 p,mol/L. After another 24 hours, the medium was replaced with Dulbecco's 
modified Eagle's medium added B27 supplement and 3.6 mg/mL glucose and test compound. 
[0438] The inhibitory activity of the test compound against the death of cultured neurons was determined by inhibition 
against the decrease of reducing ability of MMT. That is, MTT assay [J. Immuno. Methods, vol. 65, page 55 (1983)] 
developed by Mosmann was carried out 48 hours after the medium replacement, and the inhibition rate (%) of the test 

35 compound against a decrease of a MTT assay value induced by Afi was calculated. 

Inhibition rate = [(MTT assay value of a 
^0 group treated with A^ and the drug) - (MTT assay value 

of a group treated with A^)] / [MTT assay value of an 
untreated group - MTT assay value of a group treated 
with Ap]x 100 (%). 



[0439] As a result, the inhibition rate at a concentration of 1 \iM was found to be as follows: the compound of Example 
4: 63%, the compound of Example 6: 48%, the compound of Example 1 0: 42%, the compound of Example 14: 48%, 
50 the compound of Example 31: 50%, the compound of Example. 33: 54%, the compound of Example 61 : 52%, the 
compound of Example 69; 70%. the compound of Example 74: 50%, and the compound of Example 80: 75%. 

Test Example 4 

55 [Metabolism in human liver microsomes] 

[0440] In a test tube were placed 50 of 100 mmol/L potassium phosphate buffer (pH 7.4) and 25 jiL of 3 mg 
protein/mL pooled human liver microsomes (available from Gentest Inc.), and a solution prepared by blending 10 jtL 
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of 66 mmol/L sodium glucose 6-phosphate, 10 jiL of 10 units/mL glucose 6-phosphate dehydrogenase, 10 of 26 
mmol/L nicotinamide adenine dinucleotlde phosphate oxidized fomn, 1 0 p.L of 66 mmol/L magnesium chloride and 1 35 
of 100 mmol/L potassium phosphate buffer (pH 7.4) was added thereto, followed by preincubation for 5 minutes. 
Thereto was added 50 \xL of each test compound to a concentration of 6 jimol/L to initiate the reaction, and incubation 
5 was carried out at 37*>C for 60 minutes (final volume: 300 \3L). The reaction was terminated by the addition of 600 \iL 
of acetonitrlle, followed by centrlfugation at 12000 x g and at 4^0 for 15 minutes. The supernatant was separated, 
concentrated by centrifugatlon under reduced pressure, and then subjected to high performance liquid chromatography, 
and the amount of the residual test compound after the metabolic reaction was detenmined. 
[0441] The residual rate was calculated by the following equation: 

10 

Residual rate (%) = [(peak area due to the 
test compound after 60 minutes of the reaction) / (peak 

15 

area due to the test compound in the case of stopping 
the reaction by adding acetonitrlle simultaneously with 
the addition of the test compound after the 
preincubation)] x 1 00 




[0442] As a result, the residual rate was found to be as follows: the compound of Example 4: 80%, the compound 
25 of Example 1 0: 70%, the compound of Example 1 2: 83%, the compound of Example 1 4: 75%, the compound of Example 
61 : 74%, the compound of Example 69: 74%, the compound of Example 71 : 80%. and the compound of Example 74: 
71%. 

INDUSTRIAL APPLICABILITY 

30 

[0443] The alkyi ether derivative of the general formula [1] or salt thereof of the present Invention has excellent 
activity to accelerate neurite outgrowth, activity to accelerate nerve regeneration and activity to protect neurons, is 
excellent also in stability to metabolism, and is useful as a therapeutic agent for diseases in central and peripheral 
nerves. 



Claims 



40 



1. An aikyt ether derivative represented by the general fomiula, or its salts: 



45 
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wherein each of R"* and R2, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted atkyl. aryl, aralkyi, alkoxy, aryloxy, alkytthio, aryithio, 
alkenyl, alkenyioxy, amino, alkylsulfonyl, arylsulfonyl. carbamoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or cartDOxyl group, a nitro group, and an oxo group; R^ is a substituted or unsubstituted alkylamino 
group, or a protected or unprotected amino or hydroxyl group; the ring A is a 5-membered or 6-membered heter- 
oaromatic ring or a benzene ring; each of m and n is an integer of 1 to 6; and p is an integer of 1 to 3. 

2. The alkyi ether derivative or its salts according to Claim 1 . wherein the portion represented by 
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in the general formuia in Claim 1 is any of the following (A), (B) and (C): 






(A) 



(B) 



(C) 



The alkyi ether derivative or its salts according to Claim 1 or 2, wherein R"" is a hydrogen atom; and R2 is a hydrogen 
atom, a halogen atom or an aikoxy group. 

The alkyI ether derivative or Its salts according to Claims 1 to 3, wherein m is 2, n is an integer of 2 to 3, and p is 
an integer of 1 to 2. 

A process for producing an aikyi ether derivative represented by the general formula: 




wherein is a substituted or unsubstltuted alkylamino group, or a protected or unprotected amino or hydroxyl 
group; and R^ , R^, the ring A, m, n and p are as defined below, or its salt, whk:h comprises 
reacting a cariaoxylic acid derivative represented by the general fomnula: 




wherein each of R'' and R^, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted alkyI, aryl. aralkyi, aikoxy, aryloxy, alkylthio, aryfthio, 
alkenyl, alkenyloxy, amino, alkylsulfonyl, arylsulfonyl, carbamoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or carboxyl group, a nitro group, and an oxo group; the ring A is a 5-rnembered or 6-membered 
heteroaromatic ring or a benzene ring; and each of m and n is an integer of 1 to 6, or its salt with a compound 
represented by the general fomnula: 
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wherein is a dialkylamino group, a protected monoalky (amino group, a protected amino group or a protected 
or unprotected hydroxy! group; and p is an integer of 1 to 3, or its salt to obtain an alkylamide derivative represented 
by the general formula: 




wherein R^ R^, R^^, the ring A, m, n and p are as defined above, or its salt, optionally subjecting the alkylamide 
derivative or salt thereof to a hydroxyl group protection reaction In the case of being a hydroxyl group , to obtain 
an alkylamide derivative in which R^^ is a protected hydroxyl group, or its salt, and 
then subjecting the obtained alkylamide derivative to reduction reaction. 

An alkylamide derivative represented by the general fomnula, or its salt: 




wherein each of R"" and R2. which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted alkyi, aryl, aralkyi, alkoxy, aryloxy, alkylthio, arylthlo. 
alkenyl, alkenyloxy amino, alkylsuifonyl, arylsulfonyl. cart^amoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or cartDoxyl group, a nitro group, and an oxo group; substituted or unsubstituted alkylamino group, 
a protected amino group, or a protected or unprotected hydroxy group; is a dialkylamino group, a protected 
monoalkylamino group, a protected amino group or a protected or unprotected hydroxyl group; the ring A is a 
5-membered or 6-membered heteroaromatic ring or a benzene ring; each of m and n is an Integer of 1 to 6; and 
p is an integer of 1 to 3. 

A process for producing an alkyI ether derivative represented by the general formula: 




wherein R^ R2, H^, the ring A, m, n and p are as defined below, or its salt, which comprises reacting an ether 
derivative represented by the general formula: 
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Wherein each of R"" and R2, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstltuted alkyi, aryl, aralkyi, alkoxy, aryloxy, alkylthio, arylthio, 
alkenyl, alkenyloxy, amino, alkylsulfonyl, arylsulfonyl, carbamoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or carboxyl group, a nitro group, and an oxo group; the ring A Is a 5-membered or 6-membered 
heteroaromatic ring or a benzene ring; X"* is a leaving group; and each of m and n is an integer of 1 to 6, or its salt 
with a carboxylic acid derivative represented by the general fomnula: 



wherein R^a js a dialkyiamino group, a protected monoalkylamino group, a protected amino group or a protected 
or unprotected hydroxyl group; and p is an Integer of 1 to 3, or its salt. 

A process for producing an alkyI ether derivative represented by the general formula: 



wherein R\ R2, R3b the ring A, m, n and p are as defined below, or its salt, which comprises reacting an alcohol 
derivative represented by the general formula: 



wherein each of R"* and R2, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted alkyI, aryl, aralkyi, alkoxy, aryloxy, alkylthio, arylthio, 
alkenyl, alkenyloxy. amino, alkylsulfonyl, arylsulfonyl, carisamoyi or heterocyclic group, a protected or unprotected 
amino, hydroxyl or cariaoxyl group, a nitro group, and an oxo group; the ring A is a 5-membered or 6-membered 
heteroaromatic ring or a benzene ring; and m Is an Integer of 1 to 6. or its salt, with an N-alkyI cyclic amino derivative 
represented by the general fonnula: 
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XHCHJ^N 



wherein is a dialkylamino group, a protected monoalkylamino group, a protected amino group or a protected 
iiydroxyl group; is a leaving group; n is an integer of 1 to 6; and p is an integer of 1 to 3. 

A pharmaceutical composition for the treatment of central and/or peripheral nerves which comprises an atkyi ether 
derivative represented by the general fomnula, or its phamiacologlcally acceptable salt: 




wherein each of and R2, which may be the same or different, represents one or more groups selected from a 
hydrogen atom, a halogen atom, a substituted or unsubstituted all<y!, aryl, aralkyi, alkoxy, aryloxy, alkylthio, arylthio, 
alkenyl, alkenyloxy. amino, alkylsulfonyl, arylsulfonyl, carbamoyl or heterocyclic group, a protected or unprotected 
amino, hydroxyl or carboxyl group, a nitro group, and an oxo group; R^ is a substituted or unsubstituted alkylamino 
group, or a protected or unprotected amino or hydroxyl group; the ring A is a 5-membered or 6-membered heter- 
oaromatic ring or a benzene ring; each of m and n is an integer of 1 to 6; and p is an integer of 1 to 3. 
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